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S U M M A R Y
SUMMARY
S e m i-p r e p a r a t iv e  high perform ance l i q u i d  chromatography  
f a c i l i t i e s  have been d e v e lo p e d , c a p a b le  o f  s e p a r a t in g  up to  lOOmg o f  
m a te r ia l  per i n j e c t i o n .
S t i r r e d  s l u r r y  column packing te c h n iq u e s  were s tu d ie d  
in  d e t a i l .  The e f f e c t s  o f  packing p r e s s u r e ,  s lu r r y i n g  s o l v e n t ,  s l u r r y  
c o n c e n tr a t io n  and the  d u ra tio n  o f  th e  packing p ro ce ss  were examined. The 
o p t im ise d  packing te ch n iq u e  was s u c c e s s f u l l y  used t o  pack columns o f  1 2 .5  
t o  50cm le n g th  and 4 . 9  t o  10.9mm in t e r n a l  d ia m e te r .
A n a ly t ic a l  columns (4.9mm I . D . )  were packed to  e v a lu a te  
tw e n ty -tw o  c o m m ercia lly  a v a i l a b l e  packing m a t e r i a l s  on a c o s t -p e r fo r m a n c e
b a s i s .  S e m i-p r e p a r a t iv e  columns ( 8 . 1  o r  10.9mm I . D . )  were packed w ith  
m a t e r i a l s  which gave e i t h e r  high e f f i c i e n c y  o r  showed high perform ance  
to  c o s t  b e n e f i t .  The perform ance o f  t h e s e  columns compares fa v o u r a b ly  
w ith  th e  b e s t  r e s u l t s  re p o rte d  in  th e  l i t e r a t u r e .
The sample i n j e c t i o n  te c h n iq u e  was s tu d ie d  using  dye  
m ix t u r e s .  Experimental r e s u l t s  showed t h a t  th e  v a lv e  i n j e c t i o n  te c h n iq u e
implemented th e  f u l l  lo a d in g  c a p a c i t y  o f  th e  s e m i -p r e p a r a t i v e  columns.
Mass and volume o v e r lo a d  s t u d i e s  were c a r r ie d  o u t  to  
o p t im is e  c o n d i t i o n s  f o r  s e m i -p r e p a r a t i v e  chrom atography. Column perform ance  
was measured in  terms o f  peak r e s o l u t i o n  (R$ ) and th e  tim e y i e l d  f a c t o r  
(T Y F ) . The e f f e c t s  o f  v a r i a t i o n  in  c a p a c i t y  f a c t o r ,  column g e o m e try , and 
p a r t i c l e  s i z e  were examined. The r e l a t i v e  lo a d in g  c a p a c i t i e s  o f  s i l i c a  
and c h e m ic a l ly  bonded s i l i c a  m a t e r i a l s  were a l s o  s t u d i e d .
A s e p a r a t io n  s t r a t e g y  f o r  s e m i -p r e p a r a t iv e  chromatography
i s  proposed and v a r io u s  p r a c t i c a l  c o n s id e r a t io n s  a re  d i s c u s s e d .  A wide
range o f  a p p l ic a t io n s  are d e s c r ib e d  i l l u s t r a t i n g  the  use o f  s e m i -p r e p a r a t iv e
high perform ance l i q u i d  chromatography t o  s e p a r a te  novel compounds o f
pharm aceutical i n t e r e s t .  The m a jo r i t y  o f  th e  s e p a r a t io n s  were e f f e c t e d  
u sin g  a low c o s t  i r r e g u l a r  s i l i c a  m a te r ia l  ( ^ O y m ) .  However, th e  most
d i f f i c u l t  s e p a r a t io n s  were performed using  5ym s p h e r ic a l  s i l i c a  o r
c h e m ic a l ly  bonded s i l i c a  m a t e r i a l s .
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INTRODUCTION
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SECTION 1 
INTRODUCTION
1.1 H igh  pe rfo rm a n ce  l i q u i d  ch rom a tog rap hy
H is to r y
The R uss ian  b o ta n is t  T s w e tt was c r e d i te d  as th e  f i r s t  
s c i e n t i s t  to  use a s e p a ra t io n  te c h n iq u e  w h ich  he te rm ed  "c h ro m a to g ra p h y ".
In  19031 he s e p a ra te d  le a f  p igm en ts  i n t o  c o lo u re d  bands u s in g  a g la s s  
column packed w ith  c a lc iu m  c a rb o n a te . A lth o u g h  o th e r  w o rk e rs  s u b s e q u e n tly  
used ch rom a tog rap hy  th e  n e x t s i g n i f i c a n t  advance in  t h i s  te c h n iq u e  was 
n o t u n t i l  1941 when M a r t in  and Synge2 p u b lis h e d  an e x c e l le n t  pape r on 
t h e o r e t ic a l  and p r a c t ic a l  a s p e c ts  o f  ch ro m a to g ra p h y . The m ost im p o r ta n t  
a s p e c t o f  t h e i r  p ape r r e la t in g  to  modern l i q u id  ch ro m a to g ra p h y  i s  t h e i r  
p r e d ic t io n  t h a t  im proved  p e rfo rm a n ce  c o u ld  be o b ta in e d  by th e  use o f  
s m a lle r  p a r t ic le s  and h ig h e r  p re s s u re s .  M a rtin ^w a s  s u b s e q u e n tly  awarded 
a Nobel p r iz e  in  1952 f o r  h is  w ork  on l i q u i d - l i q u i d  p a r t i t i o n  chrom ­
a to g ra p h y  a lth o u g h  he d id  n o t e x p lo i t  th e  p o te n t ia l  o f  colum ns packed 
w ith  s m a ll p a r t i c le s .  H ow ever, h is  w ork paved th e  way f o r  advances in  
pa p e r ch ro m a to g ra p h y3 , t h in  la y e r  ch ro m a to g ra p h y4 and gas c h ro m a to g ra p h y5 * 6 .
Gas ch rom a tog rap hy  was w id e ly  used in  th e  1 9 5 0 's  a lth o u g h  i t  
was n o t  u n t i l  th e  m id  1 9 6 0 's  t h a t  th e  p o te n t ia l  o f  l i q u i d  ch ro m a to g ra p h y  
(LC) was f u l l y  r e a l is e d .  The th e o ry  o f  gas ch ro m a to g ra p h y  was ex te n d e d  
to  in c lu d e  LC7 and t h i s  in  tu r n  le d  to  th e  f i r s t  h ig h  p e rfo rm a n ce  colum n 
p a c k in g s  f o r  LC and th e  d e s ig n  o f  modern LC in s t r u m e n ta t io n .
Synge was also awarded a Nobel prize although Martin has received most 
credit for the work.
i
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C la s s ic a l LC g e n e r a l ly  in v o lv e d  u s in g  a r e l a t i v e l y  la rg e  
colum n c o n ta in in g  a packed bed o f  a d s o rb e n t,  m ost commonly s i l i c a  g e l ,  
o r  a lu m in a . The sam ple was a p p lie d  to  th e  head o f  th e  colum n and th e  
s e p a ra t io n  was c a r r ie d  o u t  by p e r c o la t in g  l i q u i d  (m o b ile  phase) th ro u g h  
th e  bed un d e r th e  fo r c e  o f  g r a v i t y .  The p ro g re s s  o f  th e  s e p a ra t io n  was 
m ost o f te n  m o n ito re d  by c o l le c t in g  f r a c t io n s  o f  th e  colum n e f f l u e n t  and 
s u b s e q u e n tly  p e r fo rm in g  some in d e p e n d e n t method o f  q u a n t i t a t io n .
H igh  p e rfo rm a n ce  l i q u i d  ch rom a tog rap hy  (HPLC) is  a r e f i n e ­
m ent o f  th e  above te c h n iq u e . S m a lle r  p a r t ic le s  o f  p a c k in g  m a te r ia ls  
a re  u se d , th e  m o b ile  phase is  pumped th ro u g h  th e  colum n u nde r p re s s u re ,  
and th e  column e f f l u e n t  is  c o n t in u o u s ly  m o n ito re d .
S in ce  1965 th e re  have been r a p id  deve lop m e n ts  in  b o th  LC 
th e o ry  and in s t r u m e n ta t io n .  Thus th e  te c h n iq u e  has been tra n s fo rm e d  
fro m  th e  s lo w  te d io u s  p ro ce ss  o f  c la s s ic a l  LC to  th e  modern te c h n iq u e  
o f  h ig h  p e rfo rm a n ce  l i q u i d  ch ro m a to g ra p h y  ( v a r io u s ly  c a l le d  modern 
l i q u i d  c h ro m a to g ra p h y , h ig h  speed and h ig h  p re s s u re  l i q u i d  c h ro m a to g ra p h y .)
C h ro m a to g ra p h ic  te c h n iq u e s
H igh  pe rfo rm a n ce  l i q u i d  ch rom a tog rap hy  i s  th e  f a s te s t  
g ro w in g  member o f  th e  ch rom a tog rap hy  te c h n iq u e s . C hrom atography is  a 
m ethod o f  s e p a ra t io n  o f  th e  com ponents o f  a m ix tu re .  T h is  te c h n iq u e  
depends upon th e  r e la t i v e  a f f i n i t i e s  o f  th e  v a r io u s  s o lu te  m o le c u le s  
f o r  th e  s ta t io n a r y  and m o b ile  phase . C h ro m a to g ra p h ic  m ethods a re  
c la s s i f ie d  a c c o rd in g  to  th e  ty p e  o f  s t a t io n a r y  and m o b ile  phase u se d , 
th e  fo rm  in  w h ich  th e y  a re  p re s e n t ,  and th e  d i f f e r e n t  mechanisms w h ich  
c o n t r o l  th e  s e p a ra t io n  (F ig u re  1 ) .
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F ig u re  1 . C la s s i f i c a t io n  o f  c h ro m a to g ra p h ic  m e th o d s .
T h u s , u n d e r th e  gas ch rom a tog rap hy  c a te g o ry  a re  gas l i q u i d  
ch rom a tog rap hy  (GLC) and gas s o l id  ch rom a tog rap hy  (GSC). L iq u id  
ch ro m a to g ra p h y  is  d iv id e d  in t o  tw o m ain ty p e s : colum n ch rom a tog rap hy  
and th e  p la n a r  c h ro m a to g ra p h ic  m ethods -  t h in  la y e r  ch rom a tog rap hy  (TLC) 
and pape r ch ro m a to g ra p h y  (P C ). Column ch rom a tog rap hy  ( c la s s ic a l  LC and 
HPLC) i s  s u b d iv id e d  f u r t h e r  in t o  f i v e  m a jo r  ty p e s .  These in c lu d e  
l i q u i d - s o l i d  ch ro m a to g ra p h y  o r  a d s o rp t io n  ch ro m a to g ra p h y  (L S C ); l i q u i d -  
l i q u i d  o r  p a r t i t i o n  ch ro m a to g ra p h y  (L L C ); bonded-phase ch rom a tog rap hy  
(B P C ); io n -e x c h a n g e  ch ro m a to g ra p h y  (IE C ) and s iz e - e x c lu s io n  ch rom a tog rap hy  
(SEC).
LSC u t i l i z e s  p a r t i c le s  o f  h ig h  s u r fa c e  a re a  w ith  r e te n t io n  o f  
sam ple m o le c u le s  o c c u r r in g  by a t t r a c t io n  to  th e  s u r fa c e  o f  th e  p a r t i c l e .  LLC 
in v o lv e s  a l i q u i d  s ta t io n a r y  phase w h ich  i s  im m is c ib le  w i th  th e  m o b ile  phase. 
Sample m o le c u le s  d i s t r i b u t e  between th e  m o b ile  .and s t a t io n a r y  phase as in  a 
l i q u i d - l i q u i d  e x t r a c t io n .  In  c o n v e n t io n a l LLC th e  l i q u i d  s t a t io n a r y  phase 
i s  m e c h a n ic a lly  h e ld  to  a s o l id  s u p p o r t .  The use o f  t h i s  te c h n iq u e  has 
la r g e ly  been re p la c e d  by BPC where th e  s ta t io n a r y  phase i s  c h e m ic a lly  
bonded to  a s u p p o r t .  The e x a c t s e p a ra t io n  mechanism in  BPC is  r a th e r  
co m p le x , a lth o u g h  i t  i s  th o u g h t to  in v o lv e  b o th  a d s o rp t io n  and p a r t i t i o n
p ro c e s s e s . In  IEC th e  s t a t io n a r y  phase c o n ta in s  f ix e d  io n ic  g roups w h ich  
in t e r a c t  w i th  io n ic  o r  io n is a b le  s o lu te s .  The r e te n t io n  mechanism i s  
e s s e n t ia l l y  an io n  exchange p ro c e s s . In  SEC, th e  colum n p a c k in g  i s  
a po rous m a te r ia l  w i th  p o re s  o f  a c e r ta in  s iz e  and m o le c u le s  a re  
s e p a ra te d  a c c o rd in g  to  t h e i r  m o le c u la r  s iz e .  M o le c u le s  t h a t  a re  to o  
la rg e  a re  e x c lu d e d , whereas s m a ll m o le c u le s  can p e n e tra te  m ost o f  th e  
p o re s . Thus v e ry  la rg e  m o le c u le s  move th ro u g h  th e  colum n q u ic k ly  and 
s m a lle r  m o le c u le s  a re  re ta in e d  by th e  p a ck in g  m a te r ia l .  T h is  te c h n iq u e  
is  n o rm a lly  used t o  s e p a ra te  s o lu te s  w i th  la rg e  m o le c u la r  w e ig h ts  
( e .g .  > 2000 ).
In s t ru m e n ta t io n
A s c h e m a tic  d ia g ra m  o f  an HPLC system  i s  shown in  F ig u re  2 . 
The in s t r u m e n ta t io n  co m p rise s  o f  th e  fo l lo w in g  com ponen ts :
1 ) a s o lv e n t  r e s e r v o i r  t h a t  c o n ta in s  th e  m o b ile  phase
(o f te n  r e f e r r e d  to  as th e  e lu t in g  s o lv e n t  o r  th e
e lu e n t )
2) a pump used to  fo r c e  th e  s o lv e n t  a t  h ig h  p re s s u re  
th ro u g h  th e  colum n
3) an in je c t io n  d e v ic e ,  u s u a l ly  a sam ple v a lv e ,  used to  
in t r o d u c e  th e  sam ple  s o lu t io n  in t o  th e  m o b ile  phase
4) a co lum n, t y p i c a l l y  a  s ta in le s s  s te e l tu b e  25cm in  
le n g th ,  4-5mm I . D . ,  w h ich  has been t i g h t l y  packed 
w i th  s m a ll p a r t i c le s  o f  th e  m a te r ia l  used to  e f f e c t  
th e  s e p a ra t io n
5) a d e te c to r ,  f r e q u e n t ly  a UV p h o to m e te r , used to
m easure th e  c o n c e n tra t io n s  o f  th e  com ponents as th e y
e lu te  fro m  th e  colum n
6 ) a p o te n t io m e t r ic  re c o rd e r  t h a t  p roduces a re c o rd  o f  
th e  a n a ly s is ,  th e  chrom atogram .
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F ig u re  2 . S chem a tic  d ia g ra m  o f  an HPLC sys tem .
The m ost s o p h is t ic a te d  system s a re  f u l l y  au tom ated  by th e  
use o f  m ic ro p ro c e s s o rs ,  and in c lu d e  such fe a tu re s  as g r a d ie n t  e lu t i o n ,  
colum n o v e n s , a u to  sa m p le rs  and d a ta  h a n d lin g  f a c i l i t i e s .  The v a r io u s  
com ponents o f  an HPLC system  have been d e s c r ib e d  in  d e t a i l  by a la rg e  
number o f  a u th o rs 8” 12 .
U t i l i t y  o f  HPLC
HPLC is  one o f  th e  m ost p o w e rfu l a n a ly t ic a l  te c h n iq u e s  
and can be used to  s e p a ra te  com plex m ix tu re s  in  m in u te s .  HPLC m ethods 
a ls o  p ro v id e  u s e fu l q u a n t i t a t iv e  in fo r m a t io n .  Q u a n t i ta t iv e  a n a ly s e s  
a re  e a s i ly  and a c c u r a te ly  p e rfo rm e d  w ith  e r r o r s  o f te n  le s s  th a n  one
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p e rc e n t .  The d e te c to rs  em ployed in  HPLC p ro v id e  good s e n s i t i v i t y ,  
a lth o u g h  th e  d e te c t io n  l i m i t s  depend on th e  ty p e  o f  sam ple and th e  
d e te c to r  used . I t  i s  f r e q u e n t ly  p o s s ib le  to  m easure 1 0 "%  o f  sample 
and w ith  c e r t a in  d e te c to r s  a n a ly s is  o f  l c H 2g o f  m a te r ia l  has been 
re p o r te d .  U n fo r tu n a te ly ,  a t  p re s e n t th e re  i s  no d e te c to r  w h ich  is  
b o th  u n iv e r s a l and s e n s i t i v e .  The r e f r a c t i v e  in d e x  (R I)  d e te c to r  is  
u n iv e r s a l and w i l l  g iv e  a response  f o r  n e a r ly  a l l  compounds b u t i t  has 
l im i t e d  s e n s i t i v i t y  and i s  h ig h ly  s e n s i t iv e  to  sm a ll te m p e ra tu re  
changes. Owing to  th e  low  s e n s i t i v i t y ,  th e  RI d e te c to r  i s  more s u i te d  
to  p re p a ra t iv e  ch ro m a to g ra p h y  r a th e r  th a n  a n a ly t ic a l  w o rk . The u l t r a  
v i o l e t  (UV) d e te c to r  i s  s e n s i t i v e ,  a lth o u g h  i t  i s  s e le c t iv e  and 
p ro v id e s  a response  o n ly  f o r  compounds t h a t  abso rb  UV r a d ia t io n .  
H ow ever, th e  modern v a r ia b le  w a ve le n g th  UV d e te c to r s ,  w i t h  a t y p ic a l  
w a v e le n g th  range  o f  190-450nm , e n a b le  a w id e r  range  o f  compounds to  
be d e te c te d .  The s e n s i t i v i t y  o f  a v a r ia b le  w a v e le n g th  UV d e te c to r  
may be reduced  f o r  p re p a ra t iv e  s e p a ra t io n s  by u s in g  a s h o r te r  p a th -  
le n g th  f l o w - c e l l  and by 'd e tu n in g ' th e  w a v e le n g th 1 3 , a  range  o f  more 
s p e c ia l is e d  HPLC d e te c to rs  a re  a ls o  a v a i la b le  and th e s e  have been 
d is c u s s e d  by s e v e ra l a u th o rs  8 »9 »12 .
A lth o u g h  m ost compounds can be d e te c te d ,  HPLC, l i k e  a l l  
c h ro m a to g ra p h ic  m ethods i s  a p o o r i d e n t i f i c a t i o n  te c h n iq u e .  C e r ta in  
UV d e te c to r s  have s to p - f lo w  peak s c a n n in g  f a c i l i t i e s 8 w h ich  can a id  
th e  i d e n t i f i c a t i o n  o f  a com ponen t, a lth o u g h  i t  i s  u s u a l ly  n e ce ssa ry  to  
use o f f - l i n e  te c h n iq u e s  such as mass s p e c tro m e try  (MS) f o r  p o s i t iv e  
i d e n t i f i c a t i o n  o f  each peak ( o n - l in e  HPLC-MS is  a v a i la b le ,  a lth o u g h  
t h i s  te c h n iq u e  is  n o t  w id e ly  used a t  p re s e n t ) .
HPLC is  a v e ry  v e r s a t i le  te c h n iq u e  and i t  can be a p p lie d
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to  a w ide  range  o f  sam ple ty p e s  in c lu d in g  o rg a n ic  and in o rg a n ic  
sam p les . The sam ple ty p e s  can be l i q u id s  o r  s o l id s ,  io n ic  o r  c o v a le n t  
compounds. Gases a re  a b o u t th e  o n ly  ty p e  o f  sam ple n o t r e a d i ly  ha n d le d  
by HPLC.
1 .2  P re p a ra t iv e  ch ro m a to g ra p h y
The success o f  HPLC as an a n a ly t ic a l  t o o l  has le d  to  th e
A
re -e x a m in a t io n  o f  th e  r o le  o f  c la s s ic a l  p r e p a ra t iv e  colum n ch ro m a to ­
g ra p h y  and th e  deve lop m e n t o f  p re p a r a t iv e  HPLC.
The advan tages o f  p r e p a ra t iv e  HPLC o v e r  c la s s ic a l  LC
in c lu d e .b e t t e r  r e s o lu t io n ,  f a s t e r  a n a ly s is  t im e  and h ig h e r  lo a d in g
c a p a c ity .  HPLC has a ls o  many advan ta ges  o v e r  GC and TLC as a p re p ­
a r a t iv e  te c h n iq u e . I t  i s  a p p l ic a b le  to  a w id e r  range  o f  compounds th a n  
GC as s o l u b i l i t y  r a th e r  th a n  v o l a t i l i t y  r e s t r i c t  th e  use o f  HPLC. I t  
i s  e s t im a te d 14 t h a t  o n ly  20% o f  known o rg a n ic  compounds can be s e p a ra te d  
by GC w ith o u t  p r i o r  ch e m ica l m o d i f ic a t io n  o f  th e  sam p le . The d e te c to rs  
used f o r  p re p a ra t iv e  HPLC a re  n o n - d e s t r u c t iv e  and th e  s p l i t t i n g  system s 
used in  GC a re  n o t  r e q u ir e d .  A ls o ,  sam ple d e g ra d a tio n  i s  g e n e r a l ly  
lo w e r  a t  th e  a m b ie n t te m p e ra tu re s  used f o r  p re p a ra t iv e  HPLC.
R ecove ry  o f  p u r i f i e d  sam ple is  n o rm a lly  much e a s ie r  i n  HPLC 
th a n  in  GC o r  TLC. The r e s o lu t io n  o b ta in e d  in  HPLC is  c o n s id e ra b ly  
h ig h e r  th a n  in  TLC a lth o u g h  im provem ents in  TLC have r e c e n t ly  ta k e n  
p la c e .  H igh  p e rfo rm a n ce  TLC p la te s  have been in t r o d u c e d 15 and a 
p r e p a r a t iv e ,  c e n t r i f u g a l l y  a c c e le ra te d ,  r a d ia l ,  t h in  la y e r  ch ro m a to ­
g raph  i s  now c o m m e rc ia lly  a v a i la b le 16 . The m a n u fa c tu re rs  o f  th e s e
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p ro d u c ts  c la im  t h a t  th e y  w i l l  la r g e ly  re p la c e  HPLC. T h e ir  c la im s  seem 
r a th e r  o p t im is t i c  as th e  use o f  p re p a ra t iv e  HPLC appea rs  to  be 
in c re a s in g  r a p id ly .
P re p a ra t iv e  HPLC a ls o  has d is a d v a n ta g e s : The i n i t i a l  c o s t
o f  th e  e qu ipm en t and th e  ru n n in g  c o s ts  a re  g e n e r a l ly  h ig h .  La rge  
volum es o f  p o t e n t i a l l y  hazardous s o lv e n ts  a re  used a t  h ig h  p re s s u re s .  
A lth o u g h  p r e p a ra t iv e  s e p a ra t io n s  can be c a r r ie d  o u t  e x tre m e ly  q u ic k ly ,  
i t  i s  o f te n  n e c e s s a ry  to  spend c o n s id e ra b le  t im e  u s in g  a n a ly t ic a l  HPLC 
o r  TLC to  d e v e lo p  th e  m ost s u i t a b le  c o n d it io n s  f o r  p re p a ra t iv e  
s e p a ra t io n s .  A f u r t h e r  d is a d v a n ta g e  a t  p re s e n t i s  t h a t  th e re  i s  no 
concensus as to  th e  optim um  o p e ra t in g  c o n d it io n s  f o r  p re p a ra t iv e  HPLC.
The te c h n o lo g y  o f  a n a ly t ic a l  HPLC i s  w e l l  e s ta b l is h e d ,  
w hereas th e  deve lop m e n t o f  p r e p a ra t iv e  HPLC has been r a th e r  s lo w .
T h is  has been a t t r i b u t e d  to  th e  h ig h  c o s t  o f  h ig h  p e rfo rm a n ce  p a ck in g  
m a te r ia ls  and p o s s ib ly  th e  f a c t  t h a t  p r e p a ra t iv e  ch ro m a to g ra p h y  has 
been synonymous w i th  lo w  p e rfo rm a n c e . The in t e r e s t  in  p re p a r a t iv e  
HPLC has in c re a s e d  as le s s  e x p e n s iv e  p a ck in g  m a te r ia ls  have become 
a v a i la b le .
T he re  a re  two d i f f e r e n t  approaches to  p r e p a r a t iv e  ch ro m a to ­
g ra p h y . In  th e  f i r s t  a p p ro a c h , w id e  d ia m e te r  colum ns packed w ith  la rg e  
p a r t ic le s  ( e .g .  50ym) a re  used w ith  la r g e  sam ple lo a d s  ( t y p i c a l l y  
g r e a te r  th a n  Img o f  s o lu te /g ra m  o f  p a c k in g  m a t e r ia l ) .  These colum ns 
a re  g e n e r a l ly  used t o  s e p a ra te  >100mg o f  m a te r ia l .  T he re  a re  two 
system s a v a i la b le  c o m m e rc ia lly  w h ich  a d o p t t h i s  a p p ro a ch : The P rep LC
system  500 (W a te rs  A s s o c ia te s )  and th e  C hrom atospac-P rep  100 (J o b in  
Y vo n ). Bo th  th e s e  system s a re  used s u c c e s s fu l ly  f o r  la rg e  s c a le
s e p a ra t io n s  a lth o u g h  th e y  a re  n o t  u s u a l ly  s u i t a b le  f o r  th e  m ost d i f f i c u l t
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In  th e  second a p p ro a c h , h ig h  pe rfo rm ance  colum ns packed 
w ith  sm a ll p a r t i c le s  (<20ym) a re  used to  s e p a ra te  m odest amounts o f  
m a te r ia l  w h ich  a re  o f te n  d i f f i c u l t  to  s e p a ra te . The co lum ns used 
a re  g e n e r a l ly  s l i g h t l y  w id e r  and o f te n  lo n g e r  th a n  th e  s ta n d a rd  
a n a ly t ic a l  colum ns and sam ple lo a d s  a re  u s u a l ly  <lmg o f  s o lu te /g ra m  
o f  p a c k in g  m a te r ia l .  T h is  's e m i- p r e p a r a t iv e ' approach  is  t y p i c a l l y  
used to  s e p a ra te  l-100m g o f  sam ple and th e  s e p a ra t io n s  a re  o f te n  
re p e a te d  to  o b ta in  th e  r e q u ire d  amount o f  m a te r ia l .  T he re  a re  h ig h  
p e rfo rm a n ce  p re p a ra t iv e  system s a v a i la b le  fro m  G ils o n ,  D u p o n t, H e w le t t  
P ackard  and P e rk in  E lm e r a lth o u g h  t h i s  s c a le  o f  ch ro m a to g ra p h y  can 
n o rm a lly  be c a r r ie d  o u t  by a d a p tin g  th e  equ ipm en t used f o r  a n a ly t ic a l  
s e p a ra t io n s .
A la rg e  number o f  e x p e r im e n ta l and t h e o r e t ic a l  in v e s t ig a t io n s  
have been c a r r ie d  o u t  in  a tte m p ts  to  d e te rm in e  th e  o p t im a l w o rk in g  
c o n d it io n s  f o r  p re p a ra t iv e  HPLC. Many w o rke rs  have p u b lis h e d  r e s u l t s  
w h ich  r e la t e  t o  p a r t i a l  a s p e c ts  o f  t h i s  s u b je c t , o r  to  w o rk  on v e ry  lo w  
p e rfo rm a n ce  co lum ns . Reviews by B r is to w 17, and Snyder and K ir k la n d 18 
in d ic a te  t h a t  th e re  i s  much d is a g re e m e n t in  t h e i r  f in d in g s .  T he re  i s  
agreem en t how eve r, t h a t  th e  am ount o f  sample t h a t  can be is o la t e d  p e r  
u n i t  t im e  and i t s  p u r i t y  a re  d e te rm in e d  by a la rg e  number o f  p a ra m e te rs : 
th e  m ost im p o r ta n t  o f  w h ich  a re  colum n le n g th  and d ia m e te r ,  l i n e a r  f lo w  
v e lo c i t y ,  p a r t i c l e  s iz e ,  sam ple s iz e  and c o n c e n tra t io n ,a n d  th e  
s e p a ra t io n  e f f i c ie n c y  o f  th e  co lum n in  te rm s o f  p la te  h e ig h t  and 
s e l e c t i v i t y .  The in te rd e p e n d e n c e  o f  th e se  pa ra m e te rs  appea rs  to  be v e ry  
co m p !e x .
separations.
1.3 The aim o f th is  research
T h is  th e s is  i s  conce rned  w ith  s e m i-p re p a ra t iv e  HPLC w h ich  
may be d e f in e d  as a p re p a ra t iv e  HPLC te c h n iq u e  where th e  sam ple lo a d  
i s  le s s  th a n  lOOmg p e r i n je c t io n .
The m ain a p p l ic a t io n s  o f  s e m i-p re p a ra t iv e  HPLC in  th e  
p h a rm a c e u tic a l in d u s t r y  a re  t o :
1) P u r i f y  unknown r e a c t io n  p ro d u c ts ,  d ru g  m e ta b o li te s  
and d rug  d e g ra d a tio n  p ro d u c ts  f o r  s p e c t r a l  
c h a r a c te r is a t io n
2) I s o la te  u l t r a  pu re  sam ples f o r  use as a n a ly t ic a l  
s ta n d a rd s
3 ) P u r i f y  sam ples f o r  s m a ll s c a le  s y n th e t ic  w ork  and 
b io lo g ic a l  t e s t in g
i
The f i r s t  a p p l ic a t io n  a re a  l i s t e d  above is  becom ing 
in c r e a s in g ly  im p o r ta n t  ow ing to  s t r i c t e r  l e g is la t i o n  in t ro d u c e d  by th e  
d ru g  r e g u la to r y  a u t h o r i t i e s :  I t  i s  now n e ce ssa ry  to  i s o la t e  and i d e n t i f y
d ru g  im p u r i t ie s  and d e g ra d a tio n  p ro d u c ts  w h ich  a re  p re s e n t a t  much lo w e r  
le v e ls .  The am ounts o f  m a te r ia l  re q u ire d  f o r  v a r io u s  i d e n t i f i c a t i o n  and 
t e s t  m ethods a re  shown in  F ig u re  3 .
W ith  th e  a d v e n t o f  more s e n s i t iv e  i d e n t i f i c a t i o n  te c h n iq u e s  
i t  i s  n o rm a lly  p o s s ib le  to  p o s i t i v e l y  i d e n t i f y  an unknown com ponent 
w i th  o n ly  one mg o f  sam p le . As th e  m a jo r i t y  o f  th e  i d e n t i f i c a t i o n  
te c h n iq u e s  a re  n o n - d e s t r u c t iv e ,  t h is  amount o f  sam ple i s  n o rm a lly  
s u f f i c i e n t  to  o b ta in  IR , MS, UV and FT NMR a n a ly s is .
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lOmg
>100mg P h y s ic a l t e s t s ,  s m a ll s c a le  s y n th e t ic  w o rk , u l t r a
pu re  a n a ly t ic a l  s ta n d a rd s
CW NMR, Cl 3 NMR
Img '■ FT NMR, s e n s i t iv e  b io lo g ic a l  t e s t s
lOOyg ■■ IR , e le m e n ta l a n a ly s is
10yg *■ HR MS, UV
ly g  + MS
F ig u re  3 . Sample amounts re q u ire d  f o r  compound i d e n t i f i c a t i o n  and t e s t s .
The aim  o f  t h i s  w o rk  was to  d e ve lo p  h ig h  p e rfo rm a n ce  s e m i- 
p re p a ra t iv e  f a c i l i t i e s  w h ich  a re  ca p a b le  o f  s e p a ra t in g  l - 100mg o f  
m a te r ia l  fro m  com plex m ix tu re s .  The w ork  was c a r r ie d  o u t  u s in g  b o th  
l i q u i d - s o l i d  ch ro m a to g ra p h y  and bonded-phase ch ro m a to g ra p h y , as th e s e  
a re  th e  m ost w id e ly  used a n a ly t ic a l  HPLC te c h n iq u e s  in  th e  p h a rm a c e u tic a l 
in d u s t r y .
On commencing t h is  re s e a rc h  th e re  w ere no c o m m e rc ia lly  
a v a i la b le  s e m i-p re p a ra t iv e  HPLC sys te m s . The e x is t in g  a n a ly t ic a l  e q u ip ­
m ent w as, t h e r e fo r e ,  adap te d  f o r  s e m i-p re p a ra t iv e  s e p a ra t io n s .  As th e  
c o m m e rc ia lly  a v a i la b le  co lum ns w ere  o f  low  p e rfo rm a n ce  and e x tre m e ly  
e x p e n s iv e , a colum n p a c k in g  a p p a ra tu s  was c o n s tru c te d  and th e  colum n 
p a c k in g  te c h n iq u e  s tu d ie d  in  d e t a i l .  Column lo a d in g  s tu d ie s  w ere c a r r ie d  
o u t  to  exam ine th e  e f f e c t  o f  th e  v a r io u s  p a ra m e te rs  in f lu e n c in g  
p re p a ra t iv e  e f f i c ie n c y .  The e f f e c t s  o f  p a r t i c le  s iz e ,  colum n g e o m e try , 
colum n c a p a c ity  f a c t o r ,  and th e  r e la t i v e  lo a d in g  c a p a c i t ie s  o f  th e  
v a r io u s  s i l i c a s  and c h e m ic a l ly  bonded s i l i c a s  w ere exam ined .
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A f t e r  e s ta b l is h in g  fa v o u ra b le  c o n d it io n s  f o r  se m i- 
p re p a ra t iv e  s e p a ra t io n s ,  th e  f a c i l i t i e s  were th e n  used t o  i s o la t e  a 
w id e  range  o f  no ve l compounds o f  p h a rm a c e u tic a l in t e r e s t .
1 .4  Column p e rfo rm a n ce  c r i t e r i a
The v a r io u s  p a ra m e te rs  used to  assess colum n pe rfo rm a n ce  
a re  d e f in e d  by re fe re n c e  to  th e  t y p ic a l  chrom atogram  shown in  F ig u re  4 .
F ig u re  4 . Chrom atogram i l l u s t r a t i n g  th e  v a r io u s  p a ra m e te rs  u t i l i z e d  
to  d e te rm in e  colum n p e rfo rm a n c e .
Column e f f i c ie n c y
Column e f f i c ie n c y  i s  n o rm a lly  exp ressed  in  te rm s  o f  th e  
t h e o r e t ic a l  p la te  number (N ) .  The fo rm u la  m ost commonly used to  c a lc u la te  
N is  shown in  E q u a tio n  1 .1 .  I t  i s  a ls o  p o s s ib le  to  c a lc u la te  N fro m  th e  
w id th  o f  th e  peak a t  h a l f  h e ig h t  u s in g  E qua tion  1 .2 .
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W here:
*  r e t e n t io n  t im e  o f  th e  peak 
W = peak w id th  a t  th e  base o f  th e
(i.2).... /t/A2 peak
N0. 5 = 5 .5 4 ' R
Wo .5 j Wo. 5 = peak w id th  a t  50% peak h e ig h t
In  p re p a r a t iv e  w ork  peak t a i l i n g  i s  an im p o r ta n t  f a c t o r  i f  
pu re  m a te r ia l  i s  to  be is o la t e d .  I t  was re p o r te d  by De Jong e t  a l 19 
t h a t  p la te  numbers based on m easurem ents a t  10% o f  th e  peak h e ig h t  ( N o . i )  
a re  a more r e a l i s t i c  and c r i t i c a l  m easurem ent o f  colum n e f f i c ie n c y  as 
th e y  in c o rp o r a te  th e  e f f e c t  o f  peak t a i l i n g  (E q u a tio n  1 ^ 3 ) .
n 31 /1 ' 2 Where:
(1>3) —  No.i = 18.55/ Y
wo. lj wo - i  = Peak w id th  a t  10% o f  th e  
peak h e ig h t
To e n a b le  th e  p e rfo rm a n ce  o f  colum ns o f  d i f f e r e n t  le n g th  to  
be com pared, colum n e f f i c ie n c y  may be exp ressed  in  te rm s  o f  th e  h e ig h t  
e q u iv a le n t  to  a t h e o r e t ic a l  p la te  ( H .E .T .P . ) ,  o f te n  r e fe r r e d  to  as th e  
p la te  h e ig h t  (H ) (E q u a tio n  1 .4 ) .
( 1 .4 )  . . . .  L Where:
H = -
N L = le n g th  o f  th e  colum n
P la te  h e ig h t  and l i n e a r  v e lo c i t y
The p la te  h e ig h t  o f  a colum n v a r ie s  w i th  th e  l i n e a r
v e lo c i t y ,  u Where:
( 1 .5 )  . . . .  L t  -  r e te n t io n  t im e  o f  an
u = —
t  u n re ta in e d  peak
-  15 -
exp re sse d  in  te rm s o f  d im e n s io n !e s s  p a ra m e te rs , th e  reduced  p la te
h e ig h t  (h )  and th e  reduced  v e lo c i t y  ( v )  r e s p e c t iv e ly .
W here:
( 1 .6 )  . . . .  H dp = p a r t i c l e  d ia m e te r
h = — 
dp
( 1 .7 )  . . . .  u dp ftn = d i f f u s io n  c o e f f i c ie n t  o f
"oro ’  th e  s o lu te  in  th e  m o b ile
phase
Both the p la te  height and the lin e a r v e lo c ity  may be
A p lo t  o f  h a g a in s t  v ,  o f te n  r e fe r r e d  to  as a Knox 
p lo t ,  can p ro v id e  u s e fu l in fo r m a t io n  as to  th e  q u a l i t y  o f  th e  p a c k in g  
m a te r ia l and how w e l l  th e  colum n is  packed2 0 .
R e s o lu t io n
The r e s o lu t io n 2 1 , Rg9 o f  tw o c h ro m a to g ra p h ic  peaks is  
a measure o f  t h e i r  s e p a ra t io n  and i s  c a lc u la te d  fro m
( 1 .8 )    t /?2 -  tR  ^ Where:
R  =
S I  (Wi + W2 ) anc* ^  a re  r e t e n t io n  t im e s  o f
th e  two pe a ks , and
Wi and W2 a re  th e  peak w id th s  
measured a t  th e  base o f  th e  peak.
( SoVl% lie Vvoes aivA i-Le pt£«s,Vc
u/t-ci*ly> uuere measured mifl.)
The r e s o lu t io n  may a ls o  be e xp ressed  in  te rm s o f  th e  
c a p a c ity  f a c t o r  ( k ‘ ) ,  th e  s e l e c t i v i t y  ( « ) ,  and th e  e f f i c ie n c y  as shown 
in  E q u a tio n  ( 1 . 9 ) .
( 1 .9 )  . . . .  1 k*
Rs = -   . (« - 1) . A Ts 4 t + k. _
ot
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The co lum n c a p a c ity  f a c t o r  ( k ‘ ) is  a m easure o f  th e  
deg ree  o f  r e t e n t io n  o f  a s o lu te  and i s  d e f in e d  by
(1.10) ....
k ' «
^R “ 0^
The s e l e c t i v i t y  (a )  i s  d e f in e d  as th e  r a t i o  o f  th e  
k ‘ v a lu e s  o f  th e  two peaks o f  i n t e r e s t
( 1 . 1 1 ) . . . .  k ' 2
a = 77“k i
The th re e  p a ra m e te rs  c o n t r ib u t in g  to  Rs can be 
o p t im is e d  in d e p e n d e n t ly .
T h ro u g h p u t and t im e  y ie l d  f a c t o r
In  a d d i t io n  to  th e  above p a ra m e te rs , p re p a ra t iv e  
e f f i c ie n c y  has a ls o  been measured in  te rm s o f  th ro u g h p u t and th e  t im e  
y i e l d  f a c t o r .
T h ro u g h p u t (TPUT) i s  th e  amount o f  p u r i f i e d  m a te r ia l  
s e p a ra te d  p e r  u n i t  t im e  (E q u a tio n  1 .1 2 ) .  B erg21 com bined sam ple 
th ro u g h p u t w i th  r e s o lu t io n  to  o b ta in  th e  t im e  y ie ld  f a c t o r  (TYF) as shown 
in  E q u a tio n  1 .1 3  .
(1.12) .... N
TPUT = _  
t R
W here:
M is  th e  mass o f  sam ple c o l le c te d  
fro m  a peak w ith  r e te n t io n  t im e
(1.13) . . . .  TYF = TPUT x Rs
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Column re s is ta n c e  p a ra m e te r
The p re s s u re  d rop  a c ro ss  th e  colum n may a ls o  be e xp re sse d  
in  te rm s o f  a d im e n s io n le s s  p a ra m e te r , th e  colum n r e s is ta n c e  p a ra m e te r (<j>).
( 1 . 1 4 ) . . . .  W here:
U tiL
a P i s  th e  p re s s u re  d ro p  a c ro s s  th e  
column
u is  th e  l i n e a r  v e lo c i t y ,  and 
n is  th e  e lu e n t  v i s c o s i t y .
The <{> v a lu e  i s  a m easure o f  th e  re s is ta n c e  to  e lu e n t  f lo w  caused by th e  
colum n and s h o u ld  be as low  as p o s s ib le .  T y p ic a l v a lu e s  l i e  in  th e  range  
500-1000 f o r  a colum n o f  po rous p a r t i c le s .
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SECTION 2 
EXPERIMENTAL
2.1  C hem ica l and re a g e n ts
HPLC g ra d e  d ic h lo ro m e th a n e , hexane , is o p ro p y l a lc o h o l ,  
m ethano l and D is to l  g ra d e  to lu e n e  w ere  pu rchased  fro m  F is o n s  
(L oughb o rough , G re a t B r i t a i n ) .  A .R . g rade  a c e to n e , GPR g ra d e  is o o c ta n e ,  
d im e th y l p h th a la te ,  d i - in - b u ty l  p h th a la te ,  p y r id in e - N - o x id e ,  t r i e t h y l -  
am ine , and o r t h o - ,  m e ta - ,  and p a r a - n i t r o a n i l in e  w ere  o b ta in e d  fro m  BDH 
(P o o le ,  G re a t B r i t a i n ) .  P yrene was purchased  fro m  A ld r ic h  ( G il l in g h a m ,  
G re a t B r i t a i n )  and A .R . a c e t ic  a c id  and d ie th y l  e th e r  w ere o b ta in e d  
fro m  May and B ake r (Dagenham, G re a t B r i t a i n ) .
The Sudan b lu e ,  Sudan g re e n , Sudan re d  and 4 -a m in o a zo - 
benzene w ere s u p p lie d  by th e  o rg a n ic  c h e m is try  s e c t io n ,  L i l l y  Research 
C e n tre  (W ind lesham , G re a t B r i t a i n ) .
2 .2  Column c o n s t r u c t io n  and p a c k in g  m a te r ia ls
S ta in le s s  s te e l  colum ns
Columns w ere c o n s tru c te d  fro m  316 g rade  s ta in le s s  
s te e l tu b in g  O.D. x  4.9mm I . D . , O.D. x 8.1mm I . D . ,  and O.D. x 
10.9mm I .D .  The tu b in g  was s u p p lie d  c u t  to  th e  re q u ir e d  le n g th  w i th  a 
p o lis h e d  in t e r n a l  s u r fa c e .  The 1?" O .D. colum ns w ere te rm in a te d  a t  b o th  
ends w ith  f i t t i n g s  h a v in g  a f l a t  in t e r n a l  base . U n less  o th e rw is e  
s p e c i f ie d ,  th e  and O .D. colum ns w ere te rm in a te d  w i th  i n l e t  f i t t i n g s
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h a v in g  a f l a t  in t e r n a l  base and o u t l e t  f i t t i n g s  w i th  a coned in t e r n a l  
b ase . A l l  f i t t i n g s  had z e ro  dead volum e and were c o n s tru c te d  fro m  316 
g rade  s ta in le s s  s t e e l .  B o th  th e  tu b in g  and th e  colum n end f i t t i n g s  w ere 
s u p p lie d  by H .S . C hrom atography P ack ings  (B ourne  End, G re a t B r i t a i n ) .
The p a c k in g  m a te r ia l  was r e ta in e d  by o r  Jp" d ia m e te r  s ta in le s s
s te e l mesh d is c s  ( l O O y m  t h i c k ,  l y m  p o r o s i t y )  s u p p lie d  by 'h e tp ' 
( M a c c le s f ie ld ,  G re a t B r i t a i n ) .
G lass column
The g la s s  colum n (25cm x 10mm I . D . )  used to  s tu d y  th e
p a ck in g  p ro ce ss  and in je c t io n  te c h n iq u e  was s u p p lie d  by J o b l in  (S to n e ,
G re a t B r i t a i n ) .  A s ta n d a rd  n y lo n  J o b l in  f i t t i n g  was used a t  th e
colum n o u t l e t  a lth o u g h  th e  colum n i n l e t  was m o d if ie d  t o  accommodate a
-£• -  Swagelok co m p re ss io n  f i t t i n g  w ith  a f l a t  in t e r n a l  base . The 
sw age lok  f i t t i n g  was h e ld  in  p o s i t io n  u s in g  a PTFE f e r r u l e .
Column p a c k in g  m a te r ia ls
The m a n u fa c tu re rs  o f  th e  s i l i c a  and th e  c h e m ic a lly  
bonded s i l i c a  m a te r ia ls  a re  shown in  T a b le  1. The p a r t i c l e  s iz e  o f  
a l l  m a te r ia ls  was d e te rm in e d  by  m ic ro s c o p ic  e x a m in a tio n  u s in g  a 
c a l ib r a te d  eye p ie c e .
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T a b le  1 . M a n u fa c tu re rs  o f  colum n p a c k in g  m a te r ia ls
P ack ing  m a te r ia l M a n u fa c tu re r
S p h e r is o rb  S5W 
S p h e r is o rb  S10W 
S p h e r is o rb  SGP 
S p h e r is o rb  S5CN 
S p h e r is o rb  S5NH 
S p h e r is o rb  S50DS 
S p h e r is o rb  S100DS
Phase S e p a ra tio n s  L td .
( Q u e e n s fe rry , G re a t B r i t a in )
P a r t i  s i  1 5 
P a r t i s i l  10 
P a r t i  s i  1 20 
P a r t i s i l  100DS 
P a r t i s i l  100DS2 
LP1 S i l i c a
Whatman L td .  
(M a id s to n e , G re a t B r i t a in )
LP1 ODS S u p p lie d  by E l i  L i l l y  & Co ( I n d ia n a p o l is ,  USA)
H y p e rs il S i l i c a  
H y p e rs il ODS
Shandon S ou the rn  P ro d u c ts  L td .  
(R u n co rn , G re a t B r i t a in )
L ic h ro s o rb  S i 60 (5ym) 
L ic h ro s o rb  RP 18 (10ym)
E. M erck 
(D a rm s ta d t, West Germany)
Z o rbax  S i l i c a  
Z o rbax  ODS
D upont (UK) L td .  
(S te ve n a g e , G re a t B r i t a i n )
P o r a s i l
y Bondapak Cl 8
W aters A s s o c ia te s  ( I n s t . )  L td .  
(N o r th w ic h , G re a t B r i t a in )
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2 .3  In s t ru m e n ta t io n
C hrom atography was p e rfo rm e d  w ith  a c o n s ta n t - f lo w  
M i l to n  Roy C o n s ta m e tr ic  11G pump and a C e c il 212 v a r ia b le  w a v e le n g th  
UV d e te c to r .  The d e te c to r  was f i t t e d  w i th  a 10mm p a th le n g th  f l o w - c e l l  
f o r  a n a ly t ic a l  ch ro m a to g ra p h y  and a 1mm p a th le n g th  f l o w - c e l l  f o r  s e m i- 
p r e p a r a t iv e  s e p a ra t io n s .  The d e te c to r  s e n s i t i v i t y  was f u r t h e r  reduced  
f o r  h ig h  sam ple lo a d s  by 'd e tu n in g ' th e  w a v e le n g th . Samples were 
in je c te d  u s in g  a Rheodyne Model 7125 v a r ia b le  volum e v a lv e  i n j e c t o r /
f i t t e d  w i th  a 2 0 y l  lo o p  f o r  a n a ly t ic a l  ch rom a tog rap hy  and a 5 0 0 0 y l  
lo o p  f o r  s e m i-p re p a ra t iv e  ch ro m a to g ra p h y . The 5 0 0 0 y l  lo o p  was used to  
i n j e c t  sam ple volum es fro m  2 0 y l  t o  5 0 0 0 y l . N arrow  b o r e / g "  tu b in g  
(0.15mm I .D .  f o r  a n a ly t ic a l  co lu m n s , 0.25mn I .D .  f o r  s e m i-p re p a ra t iv e  
co lum ns) was used to  c o n n e c t th e  v a lv e  to  th e  colum n and th e  colum n to  
th e  d e te c to r .  A l l  d a ta  was c a lc u la te d  f o l lo w in g  manual m easurem ents o f  
peak w id th s  and r e te n t io n  d is ta n c e s  on a c h a r t  paper r e c o rd e r .
2 .4  D eve lopm ent o f  s e m i-p re p a ra t iv e  colum n p a c k in g  p ro c e d u re
a) P re p a ra t io n  o f  co lum ns
A p p a ra tu s
A s c h e m a tic  d ia g ra m  and a p h o tog ra ph  o f  th e  s t i r r e d  
s lu r r y  co lum n p a c k in g  a p p a ra tu s  a re  shown in  F ig u re s  5a and 5b 
r e s p e c t iv e ly .
H aske l a i r  d r iv e n  p n eum a tic  a m p l i f ie r  pumps, o b ta in e d  
fro m  H aske l E nergy System s L td .  (S u n d e r la n d , G re a t B r i t a i n )  w ere  used in  
b o th  sys te m s . A H aske l MCP 110 pump was used f o r  p a c k in g  a n a ly t ic a l
colum ns whereas th e  la r g e r  H askel DSTV 122 pump was used to  pack se m i- 
p r e p a ra t iv e  co lum ns. Nova Sw iss h ig h  p re s s u re  com ponents and f i t t i n g s  supp­
l i e d  by  H aske l E nergy  Systems L td .  were used in  b o th  sys te m s .
A p a c k in g  r e s e r v o i r  o f  35ml c a p a c i t y ,  o b ta in e d  fro m  
C o u lte r  E le c t r o n ic s  L td .  (H a rpende n , G re a t B r i t a i n ) ,  was used to  pack 
J "  O.D. a n a ly t ic a l  co lum ns. A la r g e r  r e s e r v o i r  o f  1160ml c a p a c i ty ,  
m a n u fa c tu re d  by K. A. Geeves ( S u n n in g h i l l , G re a t B r i t a i n ) ,  was used to  
pack s e m i-p re p a ra t iv e  co lum ns. The e f f e c t i v e  in t e r n a l  vo lum e o f  th e  
s e m i-p re p a ra t iv e  p a c k in g  r e s e r v o i r  can be reduced  to  650ml ( t o  in c re a s e  
th e  s lu r r y  c o n c e n t r a t io n )  by p la c in g  a d e l r i n  i n s e r t  in s id e  th e  p a c k e r.
T h is  p a c k in g  r e s e r v o i r  may be adap te d  to  pack J ,  § , and O.D. co lum ns 
by u s in g  an a p p ro p r ia te  re d u c in g  u n io n . B o th  th e  a n a ly t ic a l  and th e  
s e m i-p re p a ra t iv e  p a c k in g  r e s e r v o ir s  a re  c o n s tru c te d  fro m  316 g rade  
s ta in le s s  s te e l and may be used a t  p re s s u re s  o f  up to  5 ,5 0 0  p s i ( l i m i t  
o f  0 - r in g  s e a l ) .  A p h o to g ra p h  o f  th e  a n a ly t ic a l  p a c k in g  r e s e r v o i r  and 
th e  s e m i-p re p a ra t iv e  p a c k in g  r e s e r v o i r  c o n ta in in g  th e  d e l r i n  i n s e r t  
in s id e  i s  shown in  F ig u re  5c .
P ack ing  p ro ce d u re
A d ia g ra m  i l l u s t r a t i n g  th e  p a c k in g  p ro ce ss  i s  shown in  
F ig u re  6 . The s o lv e n t  i s  pumped in t o  th e  r e s e r v o i r  a t  5000 p s i and th e
s lu r r y  i s  fo r c e d  v e r t i c a l l y  upwards in t o  th e  colum n ( f o r  a l l  co lum ns , 
th e  s o lv e n t  pumped in t o  th e  r e s e r v o i r  was th e  same as th e  s o lv e n t  used 
to  suspend th e  p a c k in g  m a t e r ia l . )
A summary i s  g iv e n  be low  o f  th e  p ro c e d u re  used to  pack
a 50cm x 8.1mm I .D .  ( § "  O .D .) colum n w ith  S p h e r is o rb  S5W. A s im i la r
-  24 -
Figure 5a. Schematic diagram o f packing apparatus.
p neum a tic  
ampl i f i e r  
pump
V  s o lv e n t  
- r e s e rv o i rz\
p re s s u re
guage
Nova 
s to p / f lo w  
v a lv e
— colum n 
p a c k in g  
r e s e r v o i r
m a g n e tic
s t i r r e r
F ig u r e  5 b .
F ig u re  5 c . A p h o to g ra p h  o f  th e  a n a ly t i c a l  and s e m i-p re p a ra t iv e  p a c k in g  
r e s e r v o i r s .
A p h o to g ra p h  o f  th e  a n a ly t ic a l  and s e m i-p re p a ra t iv e  p a c k in g  
a ppa ra tu s "!
-m e a s u r in g  
c y l in d e r
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M E S H
F ig u re  6 . D iagram  i l l u s t r a t i n g  th e  p a c k in g  p rocess
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p ro c e d u re  was used f o r  p a c k in g  o th e r  a n a ly t ic a l  and s e m i-p re p a ra t iv e  
colum ns w i th  s i l i c a  and c h e m ic a l ly  bonded s i l i c a  m a te r ia ls .  Any 
v a r ia t io n s  in  th e  p ro c e d u re  a re  d is c u s s e d  in  S e c t io n  3 .2 .
P rocedu re  used to  pack a S p h e r is o rb  S5W s e m i-p re p a ra t iv e  colum n
A f t e r  th o ro u g h  m ethano l c le a n in g  o f  th e  m e ta lw a re , th e  
f e r r u le s  w ere swaged o n to  th e  colum n tu b in g .  The f i t t i n g s  w ere th e n  
removed p r i o r  to  a tta c h m e n t o f  th e  colum n tu b e  to  th e  p a c k in g  r e s e r v o i r .
A d i a m e t e r  s t a in le s s  s te e l mesh was in s e r te d  in  th e  i n l e t  f i t t i n g  
( th e  coned o u t l e t  f i t t i n g  was s u p p lie d  w i th  an in t e g r a l  m esh).
The p a c k in g  system  was purged w ith  m e thano l to  remove any 
a i r  b u b b le s  and th e  Nova v a lv e  c lo s e d . A su sp e n s io n  o f  4 0 .Og o f  
S p h e r is o rb  S5W in  a p p ro x im a te ly  400ml o f  m ethano l was p la c e d  in  th e  
p a c k in g  r e s e r v o i r  c o n ta in in g  a m a g n e tic  s t i r r e r  b a r .  The l i d  o f  th e  
r e s e r v o i r  was se cu re d  by t ig h te n in g  th e  s ta in le s s  s te e l b o l t s  to  com press 
th e  0 - r in g  se a l (F ig u re  6 ) .  Any re m a in in g  space in  th e  r e s e r v o i r  was 
th e n  f i l l e d  w i th  m ethano l to  g iv e  a f i n a l  s lu r r y  c o n c e n tra t io n  o f  
a p p ro x im a te ly  6% w /v .  The co lum n was a t ta c h e d  to  th e  p a c k in g  r e s e r v o i r  
(as  shown in  F ig u re  6) w i th  th e  colum n o u t le t  p o s it io n e d  a t  th e  to p  
( th e  colum n was packed in  an in v e r te d  m ode). The colum n was f i l l e d  w i th  
m e th a n o l, th e  coned o u t l e t  f i t t i n g  secu red  and a le n g th  o f  1.0mm I .D .
( ^  " O .D .) tu b in g ,  le a d in g  to  a m easu ring  c y l in d e r ,  was co n n e c te d  to  th e  
o u t l e t  f i t t i n g .
The sys tem  was th e n  p re s s u r is e d  to  5000 p s i ,  th e  m a g n e tic  
s t i r r e r  s ta r te d  and th e  Nova v a lv e  opened. The colum n was g r a d u a l ly  
packed as th e  s lu r r y  was d is p la c e d  in t o  th e  colum n w i th  passage o f  
s o lv e n t .  O ver 1000ml (40  co lum n vo lum es) w ere pumped th ro u g h  th e
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column in  a p p ro x im a te ly  90 m in u te s ,  a f t e r  w h ich  t im e  th e  s t i r r e r  was 
s w itc h e d  o f f ,  th e  a i r  s u p p ly  d r iv in g  th e  pump tu rn e d  o f f ,  and th e  
column a llo w e d  to  d e p re s s u r is e .  When th e  p re s s u re  had f a l l e n  to  le s s  
th a n  200 p s i ,  th e  colum n was removed fro m  th e  r e s e r v o i r .  The excess 
p a c k in g  m a te r ia l was removed fro m  th e  edges o f  th e  tu b in g  and th e  colum n 
was f in is h e d  w ith  a dome o f  p a c k in g  m a te r ia l  p r o t r u d in g  a p p ro x im a te ly
0.5mm beyond th e  end o f  th e  tu b in g .  The i n l e t  f i t t i n g  was th e n  
se cu re d  and th e  colum n e v a lu a te d  as d e s c r ib e d  in  S e c t io n  2 .4 b .
b ) Column e v a lu a t io n
A colum n p re s s u re  d ro p  m easurem ent was d e te rm in e d  by 
pumping m ethano l th ro u g h  th e  colum n a t  1 .0 ,  2 .7 5 ,  and 5 . 0 m l/m in . f o r  
4 .9 ,  8 .1  and 10.9mm I .D .  colum ns r e s p e c t iv e ly  (a p p ro x im a te ly  th e  same 
l i n e a r  v e lo c i t y  f o r  each c o lu m n ). Columns were th e n  c o n d it io n e d  w i th  a 
minimum o f  te n  colum n vo lum es o f  th e  a p p ro p r ia te  e lu t in g  s o lv e n t .  The 
e lu t in g  s o lv e n ts  and t e s t  s o lu te s  used to  e v a lu a te  th e  s i l i c a  and chem­
i c a l l y  bonded s i l i c a  colum ns a re  shown in  T a b le  2 . T o lu e n e  and 
p y r id in e - N - o x id e  were added to  th e  t e s t  m ix tu re s  to  ch rom a tog rap h  as 
u n re ta in e d  s o lu te s  f o r  c a lc u la t io n  o f  th e  k ' v a lu e s  o f  th e  r e ta in e d  
s o lu te s .
T a b le  2 . The t e s t  c o n d it io n s  used to  e v a lu a te  s i l i c a  and c h e m ic a l ly  
bonded s i l i c a  m a te r ia ls
P ack ing  m a te r ia l E lu t in g  s o lv e n t T e s t m ix tu re  (m g /m l)*
S i l i c a  and p o la r  
bonded s i l i c a  
m a te r ia ls
d ic h lo ro m e th a n e -  
is o o c ta n e -m e th a n o l 
( 5 0 :5 0 :1 )
^ - n i t r o a n i l i n e  ( 0 . 2) 
m - n i t r o a n i l in e  ( 0 . 2) 
p - n i t r o a n i l i n e  ( 0 .7 )  
to lu e n e f
O cta d e c y l s i l y l -  
bonded s i l i c a  
m a te r ia ls
m e th a n o l-w a te r  
(9 0 :1 0 )
d im e th y l p h th a la te  ( 1 . 6 ) 
d i - n - b u t y l  p h th a la te  ( 4 .1 )  
py rene  ( 0 . 6) j 
p y r id in e - N - o x id e t
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*  The t e s t  s o lu te s  w ere d is s o lv e d  in  th e  e lu t in g  s o lv e n t  used f o r  th e  
e v a lu a t io n
t  U n re ta in e d  s o lu te
The volum e o f  th e  t e s t  m ix tu re  in je c te d  was m a in ta in e d  
p r o p o r t io n a l  to  th e  colum n vo lu m e , th e  a c tu a l vo lum es in je c te d  a re  
shown in  T a b le  3 . Columns w ere e v a lu a te d  a t  th e  same l i n e a r  v e lo c i t y  
as t h a t  used to  d e te rm in e  th e  p re s s u re  d ro p .
The column e f f i c ie n c y  d a ta  was c a lc u la te d  as d e s c r ib e d  
in  S e c t io n  1 .4 .  The e f f i c ie n c ie s  quo te d  in  S e c t io n  3 a re  based on 
measurem ents on th e  m - n i t r o a n i l in e  peak ( s i l i c a  and p o la r  bonded s i l i c a  
co lum ns) o r  th e  p y re n e  peak ( o c ta d e c y ls i ly l- b o n d e d  s i l i c a  c o lu m n s ).
A minimum o f  two in je c t io n s  were made f o r  each e v a lu a t io n .  A t y p ic a l  
c a lc u la t io n  i s  shown in  A ppend ix  1 .
T a b le  3 . The colum n volum es and th e  volum e o f  t e s t  m ix tu r e  in je c te d
Table 2. (cont.)
Column geom etry Column
volum e
(m l)
Volume o f  t e s t  
m ix tu re  in je c te d  
( p i )
Leng th  (cm) I .D .  (mm)
1 2 .5 4 .9 2 .3 5 1.0
1 2 .5 8.1 6 .4 4 2 .7
2 5 .0 4 .9 4.71 2.0
2 5 .0 8.1 12.88 5 .4
5 0 .0 4 .9 9 .4 2 4 .0
5 0 .0 8.1 25 .7 6 10.8
5 0 .0 1 0 .9 46 .66 20.0
100.0 8.1 51 .54 20.0
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A dye m ix tu re  c o n ta in in g  lO .Om g/m l o f  Sudan re d ,
Sudan g re e n , Sudan b lu e  (m ix tu re  o f  b lu e  + y e l lo w  d y e s ) ,  and 4 -a m in o - 
azobenzene d is s o lv e d  in  d ic h lo ro m e th a n e /h e x a n e  (5 0 :5 0 )  was used in  
th e  in v e s t ig a t io n  o f  th e  in je c t io n  te c h n iq u e .
F o r th e  o b s e rv a t io n  o f  th e  p a th  o f  th e  s o lu te  u s in g
th e  g la s s  colum n ( re fe re n c e  S e c t io n  2 .2 )  th e  dye m ix tu re  ( 5 y l )  was
e lu te d  w ith  d ic h lo ro m e th a n e  a t  a f lo w  r a te  o f  2 .5 m l/m in .
In  th e  s tu d ie s  u s in g  th e  50cm x 8.1mm I .D .  s ta in le s s
s te e l S p h e r is o rb  S5W colum n th e  dye m ix tu re  ( 5 y l )  was e lu te d  w i th
d ic h lo ro m e th a n e /h e x a n e  (5 0 :5 0 )  a t  2 .5 m l/m in .  The e lu e n t  f lo w  r a te  
was s to p p e d  5 m in u te s  a f t e r  th e  in je c t io n  when th e  dye m ix tu re  was 
p a r t i a l l y  e lu te d .  The i n l e t  f i t t i n g  was removed fro m  th e  colum n and th e  
p a c k in g  m a te r ia l  e x tru d e d  by pumping hexane a t  500 p s i i n t o  th e  o u t l e t  
f i t t i n g .
2 .5  Sample lo a d in g  in  s e m i-p re p a ra t iv e  HPLC
The e le v e n  colum ns used in  th e  lo a d in g  s tu d ie s  were 
packed and e v a lu a te d  as d e s c r ib e d  in  S e c t io n  2 .4 .  The d im e n s io n s  o f  
th e  co lu m n s , th e  colum n p a c k in g  m a te r ia ls  and th e  colum n d e s ig n a t io n  
a re  shown in  T a b le  4 . The p e rfo rm a n ce  o f  th e s e  colum ns is  d is c u s s e d  in  
S e c t io n  4.
The e lu t in g  s o lv e n ts  used in  th e  lo a d in g  s tu d ie s  a re  
shown in  T a b le  5 . F o r th e  a d s o rp t io n  ch ro m a to g ra p h y  th e  k* v a lu e s  o f
c) In je c tio n  technique
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Table 4 . Columns used in  the loading studies
| Column No. P a ck in g
m a te r ia l
Column d im e n s io n s
Leng th  (cm) O.D. ( in .) I .D .  (mm)
PI S p h e r is o rb  S5W 50 F 8.1
P2 LP1 s i l i c a 50 I - 8.1
P3 S p h e r is o rb  S5W 25 4- 8.1
P4 LP1 s i l i c a 50 \ 10 .9
P5 S p h e r is o rb  S10W 50 8.1
P6 P a r t i s i  1 5 25 -k 4 .9
P7 P a r t i  s i  1 10 25 t 4 .9
P8 P a r t i  s i  1 20 25 * 4 .9
P9 S p h e r is o rb  S5CN 50 0 . 1
P10 S p h e r is o rb  S5NH 50 3¥ 8.1
P l l  | LP1 ODS 50 I " 8.1
T a b le  5 . E lu t in g  s o lv e n ts  used f o r  th e  lo a d in g  s tu d ie s
S o lv e n t
r e fe re n c e
n o .
C o m p o s itio n  o f  e lu t in g  s o lv e n t  j
D ic h lo ro m e th a n e Hexane M ethano l Via t e r  j
SI 50 50 1 -
S2 50 ; 50 0.1 :
S3 50 50 0.01 -
S4 50 50 0 .0 1 8 -
S5 50 50 0 .0 3 -
S6 - - 50 50
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th e  o -  and m - n i t r o a n i l in e s  w ere  a d ju s te d  in  th e  range  0 .5  to  5 .0  by 
v a ry in g  th e  le v e l  o f  m e thano l in  th e  e lu e n t .  B e fo re  commencing a 
s tu d y ,  colum ns w ere c o n d it io n e d  w i th  th e  a p p ro p r ia te  e lu e n t  u n t i l  
c o n s ta n t r e te n t io n  t im e s  w ere o b ta in e d  w ith  an a n a ly t ic a l  sam ple lo a d .  
A l l  s tu d ie s  w ere  c a r r ie d  o u t  a t  a s im i la r  l i n e a r  v e lo c i t y .  In  a l l  
vo lum e o v e r lo a d  s tu d ie s ,  th e  mass in je c te d  was m a in ta in e d  c o n s ta n t ,  
w h i l s t  in  th e  mass o v e r lo a d  s tu d ie s  th e  in je c t io n  vo lum e was s im i l a r l y  
m a in ta in e d  c o n s ta n t .  The ch ro m a to g ra p h y  c o n d it io n s  used f o r  th e  
volum e and mass o v e r lo a d  s tu d ie s  a re  sum m arised in  T a b le s  6 and 7 
r e s p e c t iv e ly .  In  th e  i n i t i a l  mass o v e r lo a d  s tu d y ,  to  d e te rm in e  th e  
m ost s u i t a b le  p a ra m e te rs  f o r  m easurem ent o f  p re p a ra t iv e  e f f i c i e n c y ,  a 
S p h e r is o rb  S5W colum n (N o. P I)  was u t i l i z e d  w i th  s o lv e n t  No. S3 and a 
lOOOyl i n je c t io n  vo lum e.
A l l  th e  r e s u l t s  q u o te d  in  S e c t io n  4 a re  an ave rage  
o f  d a ta  o b ta in e d  fro m  a t  l£ a s t  two in je c t io n s .
2 .6  A p p l ic a t io n s  o f  s e m i-p re p a ra t iv e  HPLC
a) S y n th e t ic  w o rk
A l l  s y n th e t ic  w ork  was c a r r ie d  o u t  by th e  o rg a n ic  
re s e a rc h  and de ve lo p m e n t c h e m is ts  a t  L i l l y  Research C e n tre . The 
s t r u c tu r e s  o f  th e  compounds r e fe r r e d  to  in  S e c t io n  5 .3  w ere v e r i f i e d  
by s p e c tro s c o p ic  m ethods.
b) C hrom atography
The a n a ly t ic a l  and s e m i-p re p a ra t iv e  colum ns used f o r  
th e  a p p l ic a t io n s  (S e c t io n  5 .3 )  w ere packed and e v a lu a te d  as d e s c r ib e d  
in  S e c t io n  2 .4 .  The t y p ic a l  p e rfo rm a n ce  o f  th e se  colum ns i s  d is c u s s e d
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in  S e c t io n  3 .2 .9 .  The 5cm x 4.9mm I .D .  LP1 guard  colum n ( re fe re n c e  
S e c t io n  5 .3 .4 )  was packed u s in g  a 6% w /v  is o p ro p y l a lc o h o l s lu r r y  a t  
5000 p s i .
F o r th e  s e p a ra t io n  o f  th e  isom ers  o f  le u k o t r ie n e  A 
m e th y l e s te r  (S e c t io n  5 . 3 . 1 . a ) ,  th e  a n a ly t ic a l  ch ro m a to g ra p h y  was 
p e rfo rm e d  on 12.5cm  x 4.9mm I .D .  colum ns packed w i th  e i t h e r  S p h e r is o rb  
S5W o r  S5NH m a t e r ia l .  The iso m e rs  w ere e lu te d  w ith  h e x a n e -d ie th y l 
e t h e r - t r i  e th y l  am ine ( 9 5 :5 :0 .5 )  a t  a f lo w  r a te  o f  Im l/m in .  The s e m i-  
p re p a ra t iv e  s e p a ra t io n s  w ere  c a r r ie d  o u t on 50cm x 8.1mm I .D .  co lum ns 
packed w ith  th e  same m a te r ia l .  The id e n t ic a l  e lu t in g  s o lv e n t  was used 
a t  a f lo w  r a te  o f  5 m l/m in .
The a n a ly t ic a l  ch rom a tog rap hy  o f  th e  p ro te c te d  LTD 
and LTE iso m e rs  (S e c t io n  5 . 3 . 1 . b) was p e rfo rm ed  on 12.5cm x 4.9mm I .D .  
colum ns packed w ith  S p h e r is o rb  S5W, S5NH, S5CN o r  S50DS. F o r th e  
S p h e r is o rb  S5W, S5NH and S5CN c o lu m n s , d ic h lo ro m e th a n e -m e th a n o l 
( 9 9 .5 :0 .5 )  was used t o - e lu t e  th e  p ro te c te d  LTD isom ers  and h e x a n e -d ic h io ro -  
m e thane-m e thano l (7 5 :2 5 :1 )  th e  p ro te c te d  LTE isom ers  a t  f lo w - r a te s  o f  
Im l/m in .  I d e n t ic a l  e lu t in g  s o lv e n ts  (5 m l/rn in .)  were used f o r  th e  
50cm x 8.1mm I .D .  S p h e r is o rb  S5NH s e m i-p re p a ra t iv e  co lu m n s . F o r th e  
S p h e r is o rb  S50DS co lu m n , optim um  s e p a ra t io n s  were a c h ie v e d  w ith  e i t h e r  
a m e th a n o l-w a te r -a c e t ic  a c id  ( 7 5 :2 5 :0 .1 )  e lu e n t  f o r  p ro te c te d  LTDs 
( 2b i and 2b i i )  o r  m e th a n o l-w a te r - t r ie th y la m in e  ( 8 0 :2 0 :1 )  f o r  p ro te c te d  
LTEs (3 b i and 3 b i i ) .
The ch ro m a to g ra p h y  c o n d it io n s  f o r  th e  o th e r  le s s  
com plex s e p a ra t io n s  a re  sum m arised w ith  th e  a p p ro p r ia te  chrom atogram s 
(F ig u re s  28 -  31 ) in  S e c t io n s  5 .3 .2  -  5.
-  35 -
F o r a l l  s e p a ra t io n s ,  th e  f r a c t io n s  o f  i n t e r e s t  w ere  
c o l le c te d  m a n u a lly  by d iv e r t in g  th e  f lo w  fro m  th e  d e te c to r  o u t l e t  in t o  
a s u i t a b le  v e s s e l as th e  peak o f  i n t e r e s t  passed th ro u g h  th e  d e te c to r .
2 .7  A ppend ix  1
C a lc u la t io n  o f  colum n pe rfo rm a n ce
Colum n: 50cm x 8.1mm I .D .  S p h e r is o rb  S5W
a) Column re s is ta n c e  p a ra m e te r (<j>)*
P re s s u re  d ro p  (m e thano l 2 . 7 5 m l/m in .)  = 1250 p s i = 85 B a r 
dp = 5ym 
t Q = 372 s e c .
n = 0.6 mNsm (m e th a n o l)
L = 500mm
1 0 0 .AP dp2 t  ( 100(85  x 25 x 372)
$ = -------------------  = '  —  = 527
Q L2 0 .6  x 250 ,000
b) E f f i c ie n c y *
From F ig u re  13 ( m - n i t r o a n i l in e  peak) 
t f l  = 101 
w0.5 = 1*0 
Wo.i = 1*9
/ 101\
N0 5 = 5 .5 4  — ] =  5 . 5 4  ] = 56 ,513  t h e o r e t ic a l  p la te s
X ° 7 \ 1 , 0 /
A  A 2 / 101\ 2
N0 . i  = 1 8 .5 5 —  I = 1 8 .5 5 (  j = 52 ,417  t h e o r e t ic a l  p la te s
W  v - 9/
-  36 -
L 500 ,000
h = -  =   = 1.8
N o.5*dp 56 ,513  x 5
*  The colum n r e s is ta n c e  p a ra m e te r and colum n e f f i c ie n c y  a re  d e f in e d  
in  S e c t io n  1 .4 .
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SECTION 3
DEVELOPMENT OF SEMI-PREPARATIVE COLUMN PACKING PROCEDURE
3.1  In t r o d u c t io n
The colum n i s  th e  h e a r t  o f  a modern HPLC sys tem . 
Columns w i th  a h ig h  r e s o lv in g  power a re  re q u ire d  to  ta k e  advan tage  o f  
h ig h  p re s s u re  pumps, s p e c ia l l y  d e s ig n e d  in je c t o r s  and c o n t in u o u s ly  
m o n ito r in g  d e te c to r s .  The p e rfo rm a n ce  o f  a colum n i s  la r g e ly  dependen t 
on th e  p a c k in g  m a t e r ia l ,  th e  colum n g e o m e try , and th e  p ro c e d u re  used 
f o r  i t s  p r e p a r a t io n .
3 . 1 . 1  P a ck in g  m a te r ia ls
O ver th e  l a s t  te n  y e a r s ,  th e re  have been c o n s id e ra b le  
im provem ents in  colum n p a c k in g  m a te r ia ls .  In  th e  e a r ly  1970 ‘ s th e  
m a jo r i t y  o f  p a c k in g  m a te r ia ls  used w ere e i t h e r  la rg e  i r r e g u la r  
p a r t ic le s  ( 2 0 - 8 0 y m )  w ith  a w id e  p a r t i c l e  s iz e  d i s t r i b u t i o n  o r  po rous 
la y e r  beads (a  s o l id  g la s s  bead 3 0 - 4 0 y m  w ith  a t h in  o u te r  s h e l l  o f  
po rous m a te r ia l  e .g .  s i l i c a ) .  D u rin g  th e  1970 ‘ s th e re  was a g ra d u a l 
t re n d  to  th e  use o f  t o t a l l y  po rous m ic r o p a r t ic u la te  p a c k in g s  ( < 2 0 y m ) .  
B oth  s p h e r ic a l and i r r e g u la r  m a te r ia ls  e x h ib i t in g  v e ry  h ig h  e f f i c ie n c ie s  
a re  now a v a i la b le  fro m  a la rg e  number o f  m a n u fa c tu re rs . I n i t i a l l y ,  
u n m o d if ie d  s i l i c a  p a r t i c le s  w ere  u t i l i z e d ,  a lth o u g h  in  th e  l a s t  f i v e  
y e a rs  c h e m ic a lly  bonded s i l i c a  m a te r ia ls  have become w id e ly  used .
The n o n -p o la r  bonded m a te r ia ls  ( e .g .  o c t y l ,  o c ta d e c y l f u n c t i o n a l i t y )  
a re  g e n e r a l ly  used w i th  p o la r  e lu e n ts  ( re v e rs e  phase mode) and a re  
s u i t a b le  f o r  s e p a ra t in g  r e l a t i v e l y  n o n -p o la r  compounds. H ow ever, 
io n is a b le  compounds may a ls o  be s e p a ra te d  on n o n -p o la r  bonded m a te r ia ls  
u s in g  io n - p a i r  o r  io n -s u p p re s s io n  te c h n iq u e s . The more p o la r  bonded
- 39 -
m a te r ia ls  ( e .g .  ami n o -p ro p y l and c y a n o -p ro p y l f u n c t i o n a l i t y )  g e n e r a l ly  
have s im i la r  p r o p e r t ie s  t o  s i l i c a  when used in  th e  a d s o rp t io n  mode, 
a lth o u g h  th e s e  m a te r ia ls  may a ls o  be used in  th e  re v e rs e  phase mode.
The p o la r  bonded m a te r ia ls  have a d i f f e r e n t  s e l e c t i v i t y  t o  th e  unbonded 
s i l i c a  and have th e  a d van ta ge  t h a t  th e y  e q u i l ib r a t e  w i th  th e  e lu e n t  more 
r a p id ly  th a n  s i l i c a .
In  a n a ly t ic a l  HPLC 5 y m  and 1 0 y m  p a r t i c le s  a re  th e  
m ost w id e ly  used m a te r ia ls .  S m a lle r  d ia m e te r  3 y m  m a te r ia ls  have 
r e c e n t ly  become a v a i la b le .  Column e f f i c ie n c y  in c re a s e s  as p a r t i c l e  
s iz e  decreases  a lth o u g h ,  u n fo r t u n a te ly ,  s m a lle r  p a r t i c le s  a re  
c o n s id e ra b ly  le s s  pe rm e a b le . In  a d d i t io n ,  e x t r a  colum n e f f e c t s  become 
more c r i t i c a l  w i th  th e  lo w e r  colum n dead-vo lum es a s s o c ia te d  w ith  s m a ll 
p a r t i c le s .  To m in im is e  p e r m e a b i l i t y  p ro b le m s , h ig h  p e rfo rm a n ce  
m a te r ia ls  a re  g e n e r a l ly  m a n u fa c tu re d  w i th  a n a rro w  p a r t i c l e  s iz e  
d i s t r i b u t i o n  and em phasis i s  p la c e d  on rem ov ing  f i n e  m a te r ia ls .  The 
h ig h  p e rfo rm a n ce  m ic r o p a r t ic u la t e  m a te r ia ls  a re  g e n e r a l ly  v e ry  
e x p e n s iv e  an d , c o n s e q u e n t ly ,  th e y  have n o t been w id e ly  used f o r  
p re p a ra t iv e  s e p a ra t io n s .
x
The p r in c ip a l  c r i t e r i a  f o r  th e  s e le c t io n  o f  p a c k in g  
m a te r ia ls  f o r  p re p a r a t iv e  s e p a ra t io n  a re  c o s t ,  lo a d in g  c a p a c ity  and 
e f f i c ie n c y .  M ost la r g e  s c a le  s e p a ra t io n s  a re  s t i l l  c a r r ie d  o u t  on 
2 0 - 8 0 y m  m a te r ia ls ,  a lth o u g h  s e m i-p re p a ra t iv e  s e p a ra t io n s  a re  f r e q u e n t ly  
c a r r ie d  o u t  u s in g  m ic r o p a r t ic u la t e  m a te r ia ls .  The e x p e n s iv e  5 y m  and 
l O y m  p a r t ic le s  a re  used f o r  th e  m ost d i f f i c u l t  s e m i-p re p a ra t iv e  
s e p a ra t io n s .  Lower c o s t  m a te r ia ls  w h ich  have a s m a ll ave ra g e  s iz e  
b u t  a w id e  p a r t i c l e  s iz e  d i s t r i b u t i o n  can be used f o r  th e  more r o u t in e  
s e p a ra t io n s .
3.1.2
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Column tubing and end f i t t in g s
Modern HPLC colum ns a re  commonly c o n s tru c te d  o f  316 
g ra d e  s ta in le s s  s te e l , a s  t h i s  m a te r ia l  can w ith s ta n d  b o th  th e  re q u ire d  
h ig h  p re s s u re s  and th e  ch e m ica l a c t io n  o f  th e  m o b ile  phase . The 
in t e r n a l  s u r fa c e  o f  th e  colum n tu b in g  s h o u ld  be smooth as th e  c o n d i t io n  
o f  th e  colum n w a l l  a f f e c t s  th e  hom ogene ity  o f  th e  packed bed2 2 . A 
co m p le te  d e f i n i t i o n  o f  th e  e f f e c t  o f  colum n le n g th  and in t e r n a l  
d ia m e te r  has n o t  y e t  been a c h ie v e d . D isag reem en t a b o u t th e  e f f e c t  
o f  in c re a s in g  colum n le n g th  i s  p ro b a b ly  due to  d i f fe r e n c e s  in  colum n 
p a c k in g  te c h n iq u e s . A number o f  w o rk e rs 21922,23 have e x p e r ie n c e d  
d i f f i c u l t y  p a c k in g  s m a ll p a r t ic le s  in t o  colum ns >15cm in  le n g th ,  
a lth o u g h  B r is to w 21* has s u c c e s s fu l ly  packed a 100cm colum n w ith  5ym 
p a r t i c le s .  B e rg21 r e p o r te d  t h a t  th e  p la te  h e ig h t  (H) in c re a s e d  as 
co lum n le n g th  decreased  and d ia m e te r  in c re a s e d . In d e p e n d e n t w o rk e rs 2 1 922,23 
have re p o r te d  t h a t  colum n e f f i c ie n c y  in c re a s e s  as th e  in t e r n a l  d ia m e te r  
in c re a s e s ,  a lth o u g h  many o f  th e s e  s tu d ie s  were c a r r ie d  o u t  u s in g  low  
p e rfo rm a n ce  co lum ns.
A lth o u g h  th e re  i s  much d is a g re e m e n t a b o u t th e  e f f e c t  
o f  colum n g e o m e try , th e  colum ns m ost commonly used f o r  a n a ly t ic a l  
s e p a ra t io n s  have an in t e r n a l  d ia m e te r  o f  4-5mn and a le n g th  o f  10-25cm .
In  c o n t r a s t ,  co lum ns o f  8-13mm in t e r n a l  d ia m e te r  and 25~50cm le n g th  
a re  f r e q u e n t ly  used f o r  s e m i-p re p a ra t iv e  s e p a ra t io n s .
Columns a re  g e n e r a l ly  te rm in a te d  w i th  z e ro  dead- 
vo lum e re d u c in g  u n io n s ,  u s u a l ly  1 - 1 " f o r  a n a ly t ic a l  colum ns and 2 - _ L “4 16 J 8 16
o r  1 -  1 11 f o r  s e m i-p re p a ra t iv e  co lum ns. A t y p ic a l  com press ion  re d u c in g2 16
u n io n ,  used f o r  a n a ly t ic a l  co lum ns , i s  shown in  F ig u re  7a . S im i la r  
re d u c in g  u n io n s  a re  u t i l i z e d  f o r  s e m i-p re p a ra t iv e  co lu m n s , a lth o u g h  
f i t t i n g s  w i th  a coned in t e r n a l  geom etry  (F ig u re  7b) a re  f r e q u e n t ly
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used18 ’ 19 ’ 2 5 . I t  i s  c la im e d  by Whatman In c .  ( C l i f t o n ,  U .S .A .)  t h a t  a 
coned o u t le t  f i t t i n g  in c re a s e s  colum n e f f i c ie n c y  and reduces peak 
t a i l i n g .
In c o rp o ra te d  in  a l l  ty p e s  o f  f i t t i n g s  a re  po rous 
meshes o r  f r i t s  w h ic h  a re  used to  r e t a in  th e  p a c k in g  m a te r ia l .  The 
p o r o s i t y  o f  th e  meshes s h o u ld  be s u b s t a n t ia l l y  s m a lle r  th a n  th e  s iz e  
o f  th e  p a ck in g  m a te r ia l  e .g .  l y m  p o r o s i t y  meshes a re  f r e q u e n t ly  used 
to  r e t a in  5 y m  p a r t i c le s .
F ig u re  7 a . A co m p re ss io n  re d u c in g  u n io n  used f o r  a n a ly t ic a l  colum ns
1 —Ljvvvw*
1 = re d u c in g  u n io n
2 = mesh
3 = n u t and f e r r u le s
4 = colum n tu b in g
F ig u re  7 b . C ro s s -s e c t io n a l d ia g ra m  o f  colum n o u t l e t  f i t t i n g s  w i th  a 
f l a t  and a coned in t e r n a l  base
i )  F la t  in t e r n a l  base i i )  Coned in t e r n a l  base
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The p a c k in g  o f  a n a ly t ic a l  HPLC colum ns has been 
s tu d ie d  e x te n s iv e ly ,  a lth o u g h  many ch ro m a to g ra p h e rs  a re  u n a b le  to  
pack e f f i c i e n t  co lum ns.
The la rg e  i r r e g u la r  p a r t i c le s  ( 2 0 - 8 0 y m )  and 
p e l l i c u l a r  p a r t ic le s  a re  r e a d i ly  d ry  packed by a v a r ie t y  o f  m e thods1 1 ’ 22926 . 
The m ic r o p a r t ic u la te  p a c k in g s , h o w e ve r, r e q u ir e  more s o p h is t ic a te d  
p a c k in g  te c h n iq u e s . I t  i s  now g e n e r a l ly  a cce p te d  t h a t  th e s e  m a te r ia ls  
a re  b e s t packed fro m  a l i q u i d  s lu r r y  by f o r c in g  th e  s lu r r y  in t o  th e  
colum n u nde r p re s s u re .  The l i q u i d  i s  needed to  n e u t r a l iz e  fo rc e s  
between p a r t i c le s .  The s u r fa c e  fo r c e s ,  e le c t r o s t a t i c  in  n a tu re ,  cause 
a g g lo m e ra tio n  and  p re v e n t each p a r t i c l e  f a l l i n g  f r e e ly  in t o  a r e g u la r  
p a c k in g  s t r u c t u r e .
Column p a c k in g  te c h n iq u e s  have been re v ie w e d  by 
B r is to w 2 7 , M a r t in  and G u iochon2 6 , Knox1 1 , and S nyder and K ir k la n d 2 2 .
These re v ie w s  in d ic a te  t h a t  a lth o u g h  th e re  a re  a la r g e  number o f  
o p t im is e d  s lu r r y  p a c k in g  te c h n iq u e s ,  th e y  p ro v id e  c o n t r a d ic to r y  e v id e n c e  
a b o u t th e  a c tu a l p ro ce ss  in v o lv e d .  The m ain s lu r r y  p a c k in g  p ro ce d u re s  
d e ve lo p e d  o v e r  th e  l a s t  te n  y e a rs  in c lu d e  th e  ’ b a la n ce d  d e n s i t y '  
te c h n iq u e  d eve lop ed  by M a jo rs 2 8 , K irk la n c fls  s t a b i l i s e d  s lu r r y  p ro c e d u re 2 9 , 
and th e  v is c o s i t y  m ethod o f  A ssh a u e r and H a la s z 30 . More r e c e n t ly ,  'n o n ­
b a la n ce d  d e n s i t y ' te c h n iq u e s 22’ 23’ 27 ’ 31 have been a d vo ca te d  u s in g  
s o lv e n ts  such as ca rbon  t e t r a c h lo r id e ,  c h lo ro fo rm -m e th a n o l, is o p ro p y l 
a lc o h o l and m e th a n o l.
T here  have been a la rg e  number o f  v a r ia t io n s  o f  th e  
above te c h n iq u e s . Columns have been s u c c e s s fu l ly  packed w i th  b o th
c o n s ta n t f lo w  and c o n s ta n t  p re s s u re  pumps. The v a r io u s  ty p e s  o f  colum n
3.1.3 Column packing technique
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p a c k in g  a p p a ra tu s  have been d e s c r ib e d  by Knox11 . E a r l i e r  w o rk e rs  
fa v o u re d  ‘ d o w n w a rd s 1 p a c k in g  te c h n iq u e s 2 2 , a lth o u g h  th e  'u p w a rd s ' 
te c h n iq u e  recommended by B r is to w 27 i s  now w id e ly  used . S e ve ra l 
w o rk e rs  have r e c e n t ly  re p o r te d  s u c c e s s fu l and re p ro d u c ib le  r e s u l t s  
u s in g  an 'u p w a rd s ' te c h n iq u e  w h ich  u t i l i z e s  a s t i r r e d  s l u r r y  p a c k in g  
r e s e r v o i r 32" 3 4 . Recommended p a c k in g  p re s s u re s  have ranged  fro m  500 to  
2 5 0 0 0  p s i23,21+935 w h i l s t  s lu r r y  c o n c e n tra t io n s  v a r ie d  between 1 and 
30% w /v 1 1 ’ 2 3 ’ 2 7 .
The m a jo r i t y  o f  th e  re s e a rc h  in t o  colum n p a c k in g  
te c h n iq u e s  has been r e s t r i c t e d  to  s tu d ie s  on a n a ly t ic a l  co lum ns.
H ow ever, th e  'u p w a rd s ' p a c k in g  te c h n iq u e  d eve lop ed  by B r is to w  has been 
used to  pack s e m i-p re p a ra t iv e  colum ns w i th  5 y m  p a r t i c le s 2 4 , w h i l s t  
B e r g 21 used a 'dow nw ards* p a c k in g  p ro c e d u re  f o r  p a c k in g  s e m i-p re p a ra t iv e  
colum ns w ith  l O y m  p a r t i c le s .
3 .1 .4  E x tra  colum n e f f e c t s
In  a d d i t io n  to  th e  colum n i t s e l f ,  peak b ro a d e n in g  
can a ls o  ta k e  p la c e  in  th e  in je c t io n  sys te m , th e  colum n c o n n e c to rs  
and in  th e  d e te c t io n  sys te m . The in s tru m e n t m a n u fa c tu re rs  have 
m in im is e d  peak b ro a d e n in g  due to  d e te c to rs  by th e  use o f  c a r e f u l l y  
de s ig n e d  low  vo lum e f lo w  c e l l s .  The lo s s  in  p e rfo rm a n ce  due to  colum n 
end f i t t i n g s  and c o n n e c t io n  tu b in g  has been s tu d ie d  by many w o rk e rs 1 4 536*3 7 . 
T here  i s  g e n e ra l agreem en t t h a t  t h i s  can be m in im is e d  by th e  use o f  
z e ro -d e a d  volum e colum n end f i t t i n g s  and na rrow  b o re  (<0.25mm) 
c o n n e c t io n  tu b in g .  The e f f e c t  o f  peak b ro a d e n in g  in  th e  d e te c to r  and 
colum n c o n n e c to rs  i s  le s s  s ig n i f i c a n t  in  s e m i-p re p a ra t iv e  colum ns 
ow ing to  th e  r e l a t i v e l y  la rg e  in t e r n a l  volum e o f  th e  co lum n. The peak 
b ro a d e n in g  due t o  th e  in je c t io n  system  how eve r, can be v e ry  s i g n i f i c a n t
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The im p o rta n c e  o f  sam ple in je c t io n  has been re c o g n is e d  
by a la rg e  number o f  w o rk e rs  and has been s tu d ie d  re p e a te d ly 2 3 *36~38 . 
E a r l i e r  w o rk e rs  used a s y r in g e  in je c t io n  te c h n iq u e  f o r  b o th  a n a ly t ic a l  
and s e m i-p re p a ra t iv e  s e p a ra t io n s .  M ost w o rke rs  a re  now u s in g  v a lv e  
i n je c t io n  w h ich  i s  c o n s id e re d  to  be more c o n v e n ie n t and r e p r o d u c ib le .  
H ow ever, many re s e a rc h e rs 23’ 36~38 have re p o r te d  lo w e r  co lum n e f f i c ie n c ie s  
w ith  th e  use o f  v a lv e  r a th e r  th a n  s y r in g e  in je c t io n  te c h n iq u e s . They 
co n c lu d e d  t h a t  sam ples in je c te d  by v a lv e  reach  th e  colum n w a l l  a re a  
where c o n s id e ra b le  band b ro a d e n in g  ta k e s  p la c e . In  s y r in g e  i n j e c t i o n ,  
th e  sam ple i s  in je c te d  as a 'p o i n t ' 22 i n  th e  c e n tre  o f  th e  colum n i n l e t  
and can t r a v e r s e  th e  e n t i r e  colum n le n g th  w i th o u t  re a c h in g  th e  p o o r ly  
packed w a l l  a re a . Thus th e  colum n i s  e f f e c t i v e l y  o f  i n f i n i t e  d ia m e te r .
The s o - c a l le d  ' i n f i n i t e  d ia m e te r  e f f e c t '  has been d is c u s s e d  by a la rg e  
number o f  w o rk e rs 2 2 ’ 39" 4 1 .
In d e p e n d e n t re s e a rc h e rs 23’ 36’ 37 have d e v is e d  s p l i t  
s tre a m  v a lv e  in je c t o r s  w h ich  s im u la te  th e  a c t io n  o f  a s y r in g e  by 
a c h ie v in g  'p o in t '  i n je c t i o n .  These w o rk e rs  a l l  re p o r te d  c o n s id e ra b le  
im provem ents  in  e f f i c ie n c y  and peak shape u s in g  t h i s  'p o in t '  v a lv e  
in je c t io n .  H ow ever, th e  s p e c ia l ha rdw are  re q u ire d  f o r  'p o i n t '  v a lv e  
in je c t io n  i s  n o t  g e n e r a l ly  a v a i la b le  and a ls o ,  r e c e n t  r e p o r ts  by colum n 
m a n u fa c tu re rs  in d ic a te  t h a t  f o r  w e l l  packed co lum ns th e re  i s  l i t t l e  
advan tage  o f  'p o in t '  i n je c t i o n  o v e r  norm a l v a lv e  in je c t io n .
F o r p r e p a ra t iv e  s e p a ra t io n s  'p o in t '  i n je c t i o n  te c h n iq u e s  
a re  le s s  u s e fu l as i t  i s  n e ce s s a ry  to  u t i l i z e  th e  c a p a c ity  o f  a l l  th e  
p a c k in g  m a te r ia l  t o  m in im is e  o v e r lo a d  e f f e c t s .  I d e a l l y ,  th e  sam ple 
s h o u ld  be in je c te d  as an even band o v e r  th e  e n t i r e  colum n c r o s s - s e c t io n .
B o th  W e h r l i42 and De Jong et a l19 s tu d ie d  sam ple in je c t io n  te c h n iq u e s
in  both ana ly tica l and semi-preparative separations.
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u s in g  s e m i-p re p a ra t iv e  colum ns and fo u n d  i t  advantageous to  use c o n ic a l 
d i s t r i b u t i o n  heads a t  th e  colum n i n l e t .  Many o th e r  w o rk e rs ,  h o w e ve r, 
have s u c c e s s fu l ly  used colum n i n l e t  f i t t i n g s  w i th  a f l a t  in t e r n a l  base 
in  c o n ju n c t io n  w i th  norm a l v a lv e  i n je c t io n .
3 .1 .5  Summary
T here  is  a w id e  range  o f  colum n p a c k in g  m a te r ia ls  
and colum n ha rdw are  c o m m e rc ia lly  a v a i la b le .  D e s p ite  a l l  th e  re s e a rc h  
c a r r ie d  o u t  in t o  colum n p a c k in g  te c h n iq u e s ,  th e  u n d e rs ta n d in g  o f  th e  
p ro ce ss  i s  f a r  fro m  c o m p le te . The more r e c e n t ly  d e ve lo p e d  ' non- 
h a la n ce d  d e n s i t y ' p a c k in g  te c h n iq u e s  have been shown to  g iv e  v e ry  h ig h  
pe rfo rm a n ce  a n a ly t ic a l  co lum ns. The te c h n o lo g y  d eve lop ed  f o r  p a c k in g  
a n a ly t ic a l  colum ns has n o t  been w id e ly  a p p lie d  to  p a c k in g  se m i- 
p re p a ra t iv e  co lum ns. T he re  a re  c o n f l i c t i n g  v ie w s  a b o u t th e  e f f e c t  o f  
colum n geom etry  and th e  m ost s u i t a b le  in je c t io n  te c h n iq u e .
The a im  o f  t h i s  component o f  th e  re s e a rc h  was to  
d e v e lo p  a te c h n iq u e  f o r  p a c k in g  a n a ly t ic a l  and s e m i-p re p a ra t iv e  colum ns 
w ith  b o th  s i l i c a  and c h e m ic a l ly  bonded s i l i c a  m a te r ia ls .  The e f f e c t s  
o f  p a c k in g  p re s s u re ,  s lu r r y in g  s o lv e n t ,  s lu r r y  c o n c e n t r a t io n ,  colum n 
g eom etry  and th e  i n je c t io n  te c h n iq u e  have been exam ined .
The v a r io u s  p a ra m e te rs  a f f e c t in g  s lu r r y  colum n p a c k in g  
te c h n iq u e s  were s tu d ie d  by  p a c k in g  a n a ly t ic a l  and s e m i-p re p a ra t iv e  
colum ns w ith  LP1 s i l i c a  and S p h e r is o rb  S5W. The LP1 s i l i c a  (^20ym ) is  
a low  c o s t ,  i r r e g u la r  m a te r ia l  w i th  a w ide  p a r t i c l e  s iz e  d i s t r i b u t i o n .  
T h is  m a te r ia l  has been used w i t h in  E l i  L i l l y  & Co. ( I n d ia n a p o l is ,  U .S .A .)  
f o r  a w id e  range  o f  s e m i-p re p a ra t iv e  s e p a ra t io n s .  The more e x p e n s iv e
S p h e r is o rb  S5W is  a 5ym s p h e r ic a l m a te r ia l  w i th  a n a rro w  p a r t i c l e
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s iz e  d i s t r i b u t i o n  and g iv e s  colum ns o f  v e ry  h ig h  e f f i c ie n c y 2 4 .
The colum n p e rfo rm a n ce  was e xp ressed  in  te rm s o f  
th e  p la te  number (N and N ) th e  reduced  p la te  h e ig h t  ( h 9 basedO.S 0.1
on h a l f  h e ig h t  m easurem ents) and th e  colum n re s is ta n c e  p a ra m e te r <h 
These p a ra m e te rs  a re  d e f in e d  in  S e c t io n  1 .4 .  A l l  colum n e f f i c ie n c ie s  
q u o te d  in  S e c t io n  3 .2  a re  th e  ave rage  r e s u l t s  o b ta in e d  fro m  a minimum 
o f  tw o e x p e r im e n ts  u n le s s  o th e rw is e  s p e c i f ie d .  Where th e  sp read  o f  
two r e s u l t s  was g re a te r  th a n  10%, th e  e x p e r im e n t was re p e a te d  to  
o b ta in  a more a c c u ra te  average  v a lu e .  T y p ic a l <p v a lu e s  a re  qu o te d  in  
S e c t io n  3 .2 .9 .
3 .2  R e s u lts  and D is c u s s io n
T hree  n o n -b a la n ce d  d e n s ity  colum n p a c k in g  te c h n iq u e s  
were i n i t i a l l y  exam ined . These w ere th e  'u p w a rd s ' te c h n iq u e  recommended 
by B r is to w 2 7 , th e  'dow nw ards ' p a c k in g  te c h n iq u e  d e s c r ib e d  by Webber23 
and a s t i r r e d  s lu r r y  p a c k in g  te c h n iq u e 32* 33 . The m ost s u c c e s s fu l,  th e  
s t i r r e d  s lu r r y  p a c k in g  te c h n iq u e  was exam ined in  d e t a i l .
3 .2 .1  S lu r r y in g  s o lv e n t
M ethano l and is o p r o p y l a lc o h o l w ere used to  pack 
b o th  a n a ly t ic a l  and s e m i-p re p a ra t iv e  co lum ns. S e ve ra l w o rk e rs 24’ 27’ 43 
have s u c c e s s fu l ly  used th e s e  s o lv e n ts  f o r  p a c k in g  s i l i c a  co lum ns.
The r e s u l t s  sum m arised in  T a b le  8 show t h a t  th e  LP1 s i l i c a  gave h ig h e r  
e f f i c ie n c y  when packed w ith  is o p ro p y l a lc o h o l whereas th e  S p h e r is o rb  
S5W gave b e t t e r  r e s u l t s  when packed w i th  m e th a n o l. The e f f e c t  o f  th e  
s lu r r y in g  s o lv e n t  was more pronounced w ith  th e  s e m i-p re p a ra t iv e  co lum ns.
The lo w e r  p e rfo rm a n ce  o f  th e  S p h e r is o rb  S5W colum ns 
packed w ith  is o p ro p y l a lc o h o l may be due to  th e  lo w  p a c k in g  v e lo c i t y  
a c h ie v e d  w i th  t h i s  h ig h e r  v is c o s i t y  s o lv e n t .  The p o o r p e rfo rm ances  
o f  th e  LP1 colum ns packed w i th  m e thano l a re  d i f f i c u l t  t o  e x p la in .
In  f u r t h e r  s tu d ie s  th e  r e s p e c t iv e  optim um  s lu r r y in g  s o lv e n t  was used .
T a b le  8. The e f f e c t  o f  s lu r r y in g  s o lv e n t  on colum n e f f i c ie n c y  
A l l  colum ns w ere packed a t  5000 p s i u s in g  a 6% w /v  s lu r r y .
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P ack ing S lu r r y in g Column Column E f f ic ie n c y
M a te r ia l S o lv e n t S iz e  * N
0 . 5
N
0 . 1 h
LP1
S i l i c a
M e thano l AS .P .
1,100
2 ,3 0 0
1,000
1 ,3 0 0
6 .3
1 0 .9
I s o p r o p y l -  
a lc o h o l
A
S .P .
2,100
7 ,5 0 0
1 ,8 0 0
6 ,6 0 0
3 .0
3 .3
M ethano l A 11 ,800 11,200 2.1
S p h e r is o rb
S5W
S .P . 52 ,000 51 ,900 1 .9
Is o p ro p y l - A 9 ,2 0 0 9 ,0 0 0 2 .7
a lc o h o l S .P . 19 ,600 21,200 5.1
*  A = A n a ly t ic a l  (12 .5cm  x  4.9mm I . D . )
S .P . = S e m i-p re p a ra t iv e  (50cm x 8.1mm I . D . )
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The e f f e c t  o f  s lu r r y  c o n c e n tra t io n  was s tu d ie d  by 
p a c k in g  a n a ly t ic a l  co lum ns w i th  S p h e r is o rb  S5W and s e m i-p re p a ra t iv e  
co lum ns w ith  th e  lo w e r  c o s t  LP1 s i l i c a .  The e f f e c t  o f  s lu r r y  
c o n c e n tra t io n  was m easured in  th e  6-15% w /v  ra n g e . The r e s u l t s  a re  
shown in  T a b le s  9a and 9 b . F o r b o th  a n a ly t ic a l  and s e m i-p re p a ra t iv e  
c o lu m n s ,th e  more d i l u t e  s l u r r i e s  gave th e  h ig h e s t  e f f i c ie n c y .  T he re  
was o n ly  a s l i g h t  d ro p  in  p e rfo rm a n ce  when th e  s lu r r y  c o n c e n tra t io n  
was in c re a s e d  to  12.5% w /v .  On in c re a s in g  th e  c o n c e n tra t io n  to  15% 
w /v ,  a lo w e r colum n e f f i c ie n c y  and peak sym m etry ( r e f le c t e d  by low  
Nq v a lu e s )  was o b s e rv e d . Hence as th e  optimum colum n p e rfo rm a n ce  
was o b ta in e d  w i th  th e  lo w e s t  s lu r r y  c o n c e n t r a t io n ,  a 6% w /v  s lu r r y  was 
used f o r  subsequ en t w o rk  w henever p o s s ib le .
T a b le  9 . E f f e c t  o f  s lu r r y  c o n c e n tra t io n  on colum n e f f i c ie n c y
Columns were packed a t  5000 p s i u s in g  e i t h e r  m ethano l (S p h e r is o rb  S5W) 
o r  is o p ro p y l a lc o h o l (LP1 s i l i c a )  s l u r r i e s .
9a) 12.5cm  x 4.9mm I .D .  9b) 50cm x 8.1mm I .D .
S p h e r is o rb  S5W colum ns LP1 s i l i c a  colum ns
3.2.2 S lu rry  concentration
S Iu r r y  
c o n c e n tra t io n  
% w /v
E f f i  c i  ency
N
0 . 5
N
0. 1 h
6 11 ,800 11,200 2.1
10 1 1 ,700 10 ,5 0 0 2.1
1 2 .5 1 1 ,600 9 ,7 0 0 2.2
15 9 ,5 0 0 6 ,8 0 0 2.6
S lu r r y  
c o n c e n tra t io n  
% w /v
E f f ic ie n c y
N
0.  5
N
0. 1 h
6 7 ,500 6 ,6 0 0 3 .4
10 7 ,5 0 0 6 ,4 0 0 3 .4
1 2 .5 7 ,1 0 0 6,200 3 .5
15 6 ,8 0 0 4 ,7 0 0 3 .7
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Columns were packed in  th e  p re s s u re  range  1000 to  
5000 p s i .  F o r b o th  a n a ly t ic a l  (T a b le  10a) and s e m i-p re p a ra t iv e  (T a b le  
10b) co lu m n s , optim um  p e rfo rm a n ce  was o b ta in e d  u s in g  p a c k in g  p re s s u re s  
between 2 0 0 0  and 5000 p s i .  Lower p e rfo rm ance  co lu m n s , e s p e c ia l ly  
f o r  S p h e r is o rb  S5W, w ere  o b ta in e d  a t  a 1000 p s i p a c k in g  p re s s u re .
These r e s u l t s  a re  in  agreem ent w i th  th e  f in d in g s  o f  Webber and M c K e rre l23 
who re p o r te d  a d ro p  in  e f f i c ie n c y  when colum ns w ere packed be low  2000 
p s i .  However, B r is to w 24 was a b le  to  pack colum ns a t  300 p s i ,  a lth o u g h  
he d id  n o t  q u o te  th e  colum n e f f i c ie n c ie s  o b ta in e d .
A lth o u g h  colum ns w ere r e a d i ly  packed a t  p re s s u re s  
between 2000 and 5000 p s i ,  a l l  subsequ en t colum ns w ere packed a t  a 
p re s s u re  o f  5000 p s i t o  reduce  th e  p a c k in g  t im e .  I t  was a ls o  c o n s id e re d  
t h a t  a more s ta b le  packed bed w o u ld  r e s u l t  i f  co lum ns w ere  packed a t  
p re s s u re s  w e l l  above th o s e  re q u ire d  f o r  norm al use .
T a b le  1 0 . E f f e c t  o f  p a c k in g  p re s s u re  on column e f f i c ie n c y
Columns w ere packed u s in g  6% w /v  m ethano l (S p h e r is o rb  S5W) o r  is o p ro p y l 
a lc o h o l (LP1 s i l i c a )  s l u r r i e s .
10a) 12.5cm  x 4.9mm I .D .  10b) 50cm x  8 . 1mm I .D .
S p h e r is o rb  S5W colum ns LP1 s i l i c a  colum ns
3.2.3 Packing pressure
P a ck in g
P re s s u re
( P s i)
E f f ic ie n c y
N
0 .5
N0.1 h
1000 4 ,6 0 0 4 ,8 0 0 5 .4
2000 11,200 10,100 2.2
3000 11 ,400 10 ,600 2.2
4000 1 0 ,900 10 ,800 2 .3
5000 11 ,800 11,200 2.1
P acki ng 
P re ssu re  
( p s i )
E f f i c ie n c y
N
0 .5
N0 .1 h
1000 6,100 5 ,0 0 0 4 .1
2000 7 ,1 0 0 5 ,7 0 0 3 .6
3000 7 ,5 0 0 6,200 3 .4
4000 7 ,2 0 0 6 ,6 0 0 3 .5
5000 7 ,5 0 0 6 ,6 0 0 3 .4
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3 .2 .4  D u ra t io n  o f  p a c k in g  p ro c e d u re
The f lo w  r a te  o f  s lu r r y  s o lv e n t  th ro u g h  th e  co lum n
d u r in g  p a c k in g  may be used to  d e te rm in e  a t  w ha t s ta g e  th e  co lum n is  
c o m p le te ly  packed . A co lum n w i l l  be f u l l y  packed when th e  f lo w  o f  
s o lv e n t  th ro u g h  i t  reaches a c o n s ta n t  v a lu e . T h is  can be shown 
g r a p h ic a l ly  (F ig u re  8) f o r  a 25cm x  8.1mm I .D .  S p h e r is o rb  S5W colum n 
packed a t  5000 p s i u s in g  a 6% w /v  m ethano l s lu r r y .  The c u rv e  in d ic a te s  
t h a t  th e  colum n is  packed a f t e r  a p p ro x im a te ly  e ig h t  m in u te s  when 17 
colum n volum es o f  s o lv e n t  have passed th ro u g h  th e  co lum n .
F o r a l l  co lu m n s , a m inimum o f  40 co lum n vo lum es w ere  
pumped th ro u g h  th e  colum n to  e n su re  c o n s o l id a t io n  o f  th e  packed bed.
The t y p ic a l  p a c k in g  t im e  f o r  a 12.5cm  a n a ly t ic a l  colum n was le s s  th a n  
10 m in u te s ,  whereas a 50cm s e m i-p re p a ra t iv e  colum n r e q u ir e s  up to  90 
m in u te s .
3 .2 .5  Column bed fo rm a t io n
The p a c k in g  p ro ce ss  was a ls o  s tu d ie d  by p a c k in g  a
25cm x 10mm I .D .  g la s s  colum n to  o b se rve  th e  p a c k in g  p ro c e s s . The
colum n was packed w ith  LP1 s i l i c a  u s in g  a 6% w /v  is o p ro p y l a lc o h o l
s l u r r y  and a p re s s u re  o f  200 p s i .  T h is  lo w  p a ck in g  p re s s u re  was used 
ow ing  to  th e  p re s s u re  l im i t a t i o n s  o f  th e  g la s s .  A lth o u g h  th e  p a c k in g  
p re s s u re  used was a p p re c ia b ly  lo w e r  th a n  th e  optim um  ( re fe re n c e  
S e c t io n  3 .2 .3 )  t h i s  s tu d y  a llo w e d  one to  v i s u a l l y  o b se rve  th e  co lum n 
bed fo r m a t io n .
A s e r ie s  o f  p h o to g ra p h s  w ere ta k e n  o v e r  30 m in u te s  to
re c o rd  th e  p a c k in g  p ro ce ss  (F ig u re s  9a - d ) .  The p h o to g ra p h s  i l l u s t r a t e
Co
lu
m
n 
vo
lu
m
es
F ig u re  8 . F low  o f  s o lv e n t  th ro u g h  a colum n d u r in g  p a c k in g  
Column: 25cm x 8.1mm I .D .  S p h e r is o rb  S5W
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The column was packed u s in g  a 6% w /v  m ethano l s lu r r y  a t  5000 p s i .
Time (m in . )
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F ig u re s 9 a -d . P ho tog raphs o f  th e  colum n p a c k in g  p ro c e s s .
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t h a t  th e  bed o f  p a c k in g  m a te r ia l  i s  b u i l t  up in  a g ra d u a l and even 
( h o r iz o n ta l )  m anner. T h is  o b s e rv a t io n  c o n firm s  th e  f in d in g s  o f  B r is to w  
et  who re p o r te d  t h a t  d u r in g  'u p w a rd s ' p a ck in g  o f  a co lu m n , th e  
s u r fa c e  o f  th e  bed re m a in s  s t r i c t l y  h o r iz o n ta l ,  w h i l s t  d u r in g  'dow n­
w a rd s ' p a c k in g , i t  becomes dome-shaped as th e  f lo w  v e lo c i t y  f a l l s .
T h is  s tu d y  a ls o  showed t h a t  th e  colum n was packed 
a f t e r  a p p ro x im a te ly  17 colum n vo lum es o f  s lu r r y in g  s o lv e n t  were 
pumped th ro u g h  i t .  The colum n had an N v a lu e  o f  2 0 0 0  th e o r e t ic a l0.5
p la te s  ( m - n i t r o a n i l in e  s ta n d a rd )  a lth o u g h  th e re  was c o n s id e ra b le  peak
t a i l i n g  r e f le c te d  b y a n N  v a lu e  o f  1300 t h e o r e t ic a l  p la te s .  T h iso-i
g la s s  colum n was s u b s e q u e n tly  used to  s tu d y  th e  v a lv e  in je c t io n  
te c h n iq u e  u s in g  dye m ix tu re s  (S e c t io n  3 . 2 . 7 ) .
3 .2 .6  The e f f e c t  o f  colum n geom etry
a ) Column in t e r n a l  d ia m e te r
The v a r ia t io n  o f  colum n p e rfo rm a n ce  w ith  colum n 
d ia m e te r  was s tu d ie d  by p a c k in g  50cm le n g th  colum ns o f  in te r n a l  
d ia m e te rs  ra n g in g  fro m  4 .9  t o  10.9mm. The r e s u l t s  a re  shown in  T a b le
11 . The colum ns packed w i th  LPT s i l i c a  show v e ry  l i t t l e  v a r ia t io n  in  
p e rfo rm a n ce  w i th  in t e r n a l  d ia m e te r .  The 4 .9  and 8.1mm I .D .  colum ns 
packed w i th  S p h e r is o rb  S5W gave s im i la r  p e r fo rm a n c e , a lth o u g h  s u r p r i s in g ly ,  
th e  10.9nm I .D .  colum ns gave v e ry  low  p e rfo rm a n ce .
As t h i s  s tu d y  was c a r r ie d  o u t  on a f a i r l y  n a rro w  
d ia m e te r  ra n g e , th e re  i s  i n s u f f i c i e n t  d a ta  to  draw f i r m  c o n c lu s io n s .  
H ow ever, w i th  th e  e x c e p t io n  o f  th e  10.9mm I .D .  S p h e r is o rb  S5W co lu m n s , 
th e  r e s u l t s  in d ic a te d  t h a t  colum n p e rfo rm a n ce  was n o t  s i g n i f i c a n t l y  
a f fe c te d  by th e  in t e r n a l  d ia m e te r  w i t h in  th e  range  4 .9  to  10.9mm.
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These r e s u l t s  a re  a t  v a r ia n c e  w ith  th e  f in d in g s  o f  
e a r l i e r  re s e a rc h e rs  ( r e fe re n c e  S e c t io n  3 . 1 . 2 ) .  Many o f  th e s e  re s e a rc h e rs  
e x p la in e d  t h e i r  obse rve d  im provem en t o f  colum n e f f i c ie n c y  w i th  in c re a s e s  
in  in t e r n a l  d ia m e te r  in  te rm s o f  colum n w a ll  e f f e c t s .  The co lum ns th e y  
p roduced  w ere n o t u n i fo r m ly  packed n e a r th e  colum n w a l l 2 2 . In  c o n t r a s t ,  
th e  r e s u l t s  on th e  colum ns c u r r e n t ly  unde r s tu d y  in d ic a te  t h a t  th e y  a re  
u n i fo r m ly  packed a c ro s s  th e  e n t i r e  c r o s s - s e c t io n .  (The r e s u l t s  o f  th e  
in je c t io n  s tu d y  (S e c t io n  3 .2 .7 )  p ro v id e  f u r t h e r  e v id e n c e  to  s u p p o r t  
t h i s  c o n c lu s io n . )  The d is c re p a n c y  between th e s e  r e s u l t s  and th e  f i n d ­
in g s  o f  e a r l i e r  re s e a rc h e rs  c o u ld  be due to  th e  te c h n iq u e  used to  pack 
th e  co lum ns. The colum ns in  t h i s  s tu d y  were packed in  an 'u p w a rd s 1 
mode where th e  colum n bed i s  b u i l t  up in  a h o r iz o n ta l  m anner.
E a r l i e r  re s e a rc h e rs  used a 'do w nw ards ' p a c k in g  te c h ­
n iq u e  in  w h ich  th e  colum n bed became dome-shaped as th e  f lo w  v e lo c i t y  
f e l l  ( r e fe re n c e  S e c t io n  3 . 2 . 5 ) .
T a b le  1 1 . The e f f e c t  o f  colum n in t e r n a l  d ia m e te r  on e f f i c ie n c y
Columns w ere packed in  a 6% w /v  m e thano l (S p h e r is o rb  S5W) o r  is o p ro p y l 
a lc o h o l (LP1 s i l i c a )  s lu r r y  a t  5000 p s i .
Column d ia m e te r * P ack ing
E f f ic ie n c y
O .D ." I .D .  mm M a te r i a l N
0 . 5
N
0. 1 h
l
4 .9 45 ,0 0 0 41 ,400 2.2
S p h e r i­
O
8~ 8.1 so rb  S5W 52 ,000 51 ,900 1 .9
1
2 1 0 .9 2 0 ,6 0 0 24 ,300 4 .9
1
4 .9 6 ,8 0 0 6 ,3 0 0 3 .7
3 8.1 7 ,500 6 ,6 0 0 3 .48 LP11 1 0 .9 s i l i c a 6 ,9 0 0 6,000 3 .7
2
*  A l l  co lum ns w ere 50cm in  le n g th
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The e f f e c t  o f  v a ry in g  colum n le n g th  fro m  1 2 .5  to
50cm was exam ined in  d e t a i l  as s e v e ra l a u th o rs  (S e c t io n  3 .1 .2 )  have
re p o r te d  d i f f i c u l t y  in  p a c k in g  colum ns lo n g e r  th a n  15cm . F o r t h i s
in v e s t ig a t io n ,  4 .9  and 8.1mm I .D .  co lum ns were packed w i th  S p h e r is o rb
S5W, w h i l s t  8.1mm I .D .  co lum ns w ere a ls o  packed w ith  LP1 s i l i c a .  In
a d d i t io n ,  a 100cm x 8.1mm I .D .  colum n was packed w i th  S p h e r is o rb  S5W.
The r e s u l t s ,  sum m arised in  T a b le  1 2 ,c le a r l y  show t h a t  on in c r e a s in g  th e
colum n le n g th  fro m  1 2 .5  to  50cm, th e  e xp e c te d  p r o p o r t io n a l  in c re a s e
in  colum n e f f i c ie n c y  was o b ta in e d .  The 100cm colum n a ls o  gave h ig h
e f f i c ie n c y  (9 5 ,0 0 0  th e o r e t ic a l  p la te s )  a lth o u g h  th e  peak sym m etry ,
r e f le c t e d  by th e  N v a lu e ,  was r a th e r  p o o r. These r e s u l t s  a re  in  o.i r
agreem ent w ith  th e  f in d in g s  o f  B r is to w 24 who a ls o  used an 'u p w a rd s ' 
s lu r r y  p a ck in g  te c h n iq u e . I t  i s  in t e r e s t in g  to  n o te  t h a t  many o f  th e  
w o rk e rs 21922,23 who e x p e r ie n c e d  d i f f i c u l t y  p a c k in g  co lum ns lo n g e r  
th a n  25cm used a 'do w nw ards ' p a c k in g  a pp roach .
T a b le  1 2 . The e f f e c t  o f  colum n le n g th  on colum n e f f i c ie n c y
The s h o r te r  le n g th  colum ns w ere packed u s in g  6% w /v  m ethano l (S p h e r is o rb  
S5W) o r  is o p ro p y l a lc o h o l (LP1 s i l i c a )  s l u r r i e s  a t  5000 p s i .  The 100cm 
colum n was packed u s in g  a 7.5% w /v  s lu r r y  a t  5000 p s i .
b) Column length
P ack ing
M a te r ia l
Column
I .D .
(mm)
Column
Leng th
(cm)
E f f ic ie n c y
N
0 . 5
N0.1 h
S p h e r is o rb
S5W
4 .9
1 2 .5
2 5 .0
5 0 .0
1 1 ,8 0 0
2 4 .000
4 5 .0 0 0
11,200 
21,100 
4 1 ,4 0 0
2.1
2.1
2.2
8.1
1 2 .5
2 5 .0
5 0 .0
100.0
12,000
23 .000
52 .000
95 .0 0 0
10,100 
22 ,800  
51 ,900  
4 8 ,2 0 0
2.1
2.2
1 .9
2.1
LP1
S i l i c a
8.1
1 2 .5
2 5 .0
5 0 .0
1 ,9 0 0
3 ,6 0 0
7 ,5 0 0
1 ,8 0 0
3 ,0 0 0
6 ,6 0 0
3 .2
3 .5
3 .4
c) I n te r n a l  g eom e try  o f  colum n end f i t t i n g s
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A l l  8 .1  and 10.9mm I .D .  colum ns r e fe r r e d  to  in  S e c t io n s
3 . 2 . 1 - 6 . b w ere te rm in a te d  w i th  i n l e t  f i t t i n g s  h a v in g  a f l a t  in t e r n a l
base ( f la t - b a s e d )  and o u t le t  f i t t i n g s  w i th  a coned in t e r n a l  b a se , 
f o l lo w in g  th e  recom m endations o f  Whatman I n c . 45 and W heals4 6 .
H ow ever, as th e re  i s  o n ly  l im i t e d  e v id e n c e 45 to  s u p p o r t  th e  c la im e d
advan tage  o f  coned o u t l e t  f i t t i n g s ,  a range o f  colum ns w ere packed
w ith  f la t - b a s e d  and coned o u t l e t  f i t t i n g s .  Two colum n s iz e s  w ere
exam ined. Columns o f  25cm x 8.1mm I .D .  were packed w ith  S p h e r is o rb
S5W w h i ls t  th o s e  o f  50cm x 10.9mm I .D .  w ere packed w ith  LP1 s i l i c a .
The r e s u l t s  o b ta in e d  w ith  b o th  8 .1  and 10.9mm I .D .  
co lu m n s , sum m arised in  T a b le  1 3 , show t h a t  th e  colum ns p re p a re d  w i th  
a coned o u t le t  geom etry  have c o n s id e ra b ly  h ig h e r  e f f i c ie n c y  th a n  th e  
colum ns f i t t e d  w ith  f la t - b a s e d  o u t l e t  f i t t i n g s .  H ow ever, in  c o n t r a s t  
to  th e  f in d in g s  o f  Whatman I n c . 45 no peak t a i l i n g  was o b se rved  w ith  
th e  colum ns p re p a re d  w i th  f la t - b a s e d  o u t l e t  f i t t i n g s .
The p e rfo rm a n ce  o f  th e  colum ns was a ls o  exam ined 
when th e  colum ns w ere in v e r te d .  As e x p e c te d , no s ig n i f i c a n t  d i f f e r e n c e  
in  p e rfo rm a n ce  was obse rve d  w ith  th e  co lum ns h a v in g  f la t - b a s e d  f i t t i n g s  
a t  e i t h e r  end. S u r p r is in g ly ,  o n ly  a s l i g h t l y  lo w e r  e f f i c ie n c y  was 
obse rved  on e v a lu a t io n  o f  th e  S p h e r is o rb  S5W colum ns te rm in a te d  w ith  
a coned f i t t i n g  (now p o s it io n e d  a t  th e  colum n i n l e t )  and no s i g n i f i c a n t  
d i f f e r e n c e  was o b se rve d  w i th  th e  LP1 s i l i c a  co lum ns.
These r e s u l t s  c le a r l y  show t h a t  coned o u t l e t  f i t t i n g s  
im prove  p e rfo rm a n ce . H ow ever, w i th  th e  d a ta  a v a i la b le  i t  i s  n o t poss­
ib l e  to  d e te rm in e  w h e th e r th e  in c re a s e d  p e rfo rm a n ce  i s  r e la te d  to  th e  
p a ck in g  p ro ce ss  o r  band s p re a d in g  e f f e c t s  d u r in g  th e  e v a lu a t io n .
T a b le  1 3 . The e f f e c t  o f  th e  in t e r n a l  g e o m e try  o f  th e  end f i t t i n g s  on 
colum n e f f i c ie n c y
Columns w ere packed w i th  a 6% w /v  m e thano l (S p h e r is o rb  S5W) o r  is o p ro p y l 
a lc o h o l (LP1 s i l i c a )  s l u r r y  a t  5000 p s i .
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P ack ing
M a te r ia l
In te r n a l G eom etry E f f ic ie n c y  (n o n - in v e r te d  
mode) *
E f f ic ie n c y  ( in v e r te d  
mode) *I n l e t  
f i  t t i  ng
O u t le t  
f i  t t i  ng N
0 . 5
N
0.1 h
N
0 . 5
N
0.1 h
S p h e r is o rb f l a t coned 23 ,0 0 0 22 ,800 2 .2 20,100 20 ,800 2 .5
S5W j f l a t f l a t 14 ,600 16 ,100 3 . 4 14 ,600 15 ,800 3 .4
LP1 f l a t coned 6 ,9 0 0 6,000 3 .7 7 ,0 0 0 5 ,9 0 0 3 .6
S i l i c a f l a t f l a t 5 ,600 4 ,8 0 0 4 . 5 5 ,500 4 ,9 0 0 4 .6
*  A minimum o f  th re e  co lum ns w ere  packed f o r  each v a lu e  q u o te d .
3 .2 .7  I n je c t io n  te c h n iq u e
The r e s u l t s  in  S e c t io n  3 .2 .1 -5  show t h a t  a v a lv e  
in je c t io n  te c h n iq u e  may be used t o  g iv e  v e ry  s a t i s f a c t o r y  r e s u l t s  f o r  j
b o th  a n a ly t ic a l  and s e m i-p re p a ra t iv e  co lum ns f i t t e d  w i th  i n l e t  re d u c in g  
u n io n s  h a v in g  a f l a t  in t e r n a l  base . The p e rfo rm a n ce  o f  t h i s  in je c t io n  
system  was s tu d ie d  u s in g  dye m ix tu re s  to  h ig h l ig h t  th e  pathw ay o f  th e  
s o lu te .
The i n j e c t i o n  te c h n iq u e  was i n i t i a l l y  exam ined by j
i n je c t in g  dye m ix tu re s  o n to  a 25cm x £" O .D .g la s s  co lum n f i t t e d  w i th  
a f la t - b a s e d  Swage!ok ^  i n l e t  f i t t i n g .  (The p e rfo rm a n ce  o f  t h i s
LP1 s i l i c a  column was d is c u s s e d  in  S e c t io n  3 . 2 . 5 . ) .  E lu t in g  s o lv e n ts  w i th  
a s im i la r  r e f r a c t i v e  in d e x  to  s i l i c a  ( e .g .  d ic h lo ro m e th a n e )  w ere  used to  
make th e  colum n t r a n s p a r e n t .  A s e r ie s  o f  p h o to g ra p h s  show ing th e  p ro g re s s
o f  th e  dye m ix tu re  as i t  passed down th e  colum n i s  shown in  F ig u re s  lO a -d .
I
These p h o to g ra p h s  show t h a t  th e  in je c t io n  s lu g  r a p id ly  sp reads  a c ro s s
th e  w h o le  c r o s s - s e c t io n a l a re a  o f  th e  colum n to  re a ch  th e  w a l ls .  The 
p h o to g ra p h s  a ls o  i l l u s t r a t e  th e  band t a i l i n g  w h ich  i s  r e f le c t e d  by th e
lo w  N v a lu e  o f  t h i s  co lum n (S e c t io n  3 . 2 . 5 ) .o.i
A s im i la r  s tu d y  was a ls o  c a r r ie d  o u t  u s in g  a s t a in le s s  
s te e l S p h e r is o rb  S5W colum n w i th  a p e rfo rm a n ce  o f  o v e r  50 ,000  t h e o r e t ic a l  
p la te s .  T h is  50cm x  8.1mm I .D .  colum n was a ls o  f i t t e d  w i th  an i n l e t  
f i t t i n g  h a v in g  a f l a t  in t e r n a l  base . In  t h i s  e x p e r im e n t,  th e  p a c k in g  
m a t e r ia l ,  c o n ta in in g  p a r t i a l l y  e lu te d  dye m ix tu re s ,w a s  e x tru d e d  fro m  
th e  co lum n. E x a m in a tio n  o f  th e  e x tru d e d  m a te r ia l c le a r l y  showed t h a t  th e  
dye m ix tu re  had a g a in  sp re a d  a c ro s s  th e  w ho le  c r o s s - s e c t io n a l a re a  o f  
th e  colum n a f t e r  f lo w in g  o n ly  a few  m i l l im e t r e s  down th e  co lum n.
The com bined r e s u l t s  o f  th e s e  s tu d ie s  in d ic a te  t h a t  t h i s  
v a lv e  in je c t io n  system  u t i l i z e s  th e  f u l l  c a p a c ity  o f  s e m i-p re p a ra t iv e  
co lum ns . The in je c te d  sam ple has c o n ta c t  w i th  v i r t u a l l y  a l l  th e  p a c k in g  
m a te r ia l  in  th e  colum n r a th e r  th a n  j u s t  a n a rro w  band in  th e  c e n tre  
as in  s y r in g e  i n je c t io n .  T h u s , i t  does n o t appea r e s s e n t ia l  to  use th e  
s p e c ia l ly  d e s ig n e d  in je c t io n  heads used by W e h r l i42 and De Jong et  a£19.
3 .2 .8  The e f f e c t  o f  e lu e n t  f lo w  r a te  on colum n e f f i c ie n c y
The v a r ia t io n  o f  colum n e f f i c ie n c y  w i th  f lo w  r a te  
was d e te rm in e d  f o r  50cm x 8.1mm I .D .  colum ns packed w ith  S p h e r is o rb  
S5W and LP1 s i l i c a .  The r e s u l t s  a re  e xp ressed  in  te rm s o f  p lo ts  o f  th e  
reduced  p la te  h e ig h t  (h )  a g a in s t  th e  reduced  v e lo c i t y  ( v ) .  The 
c h a r a c t e r i s t i c  'K nox p l o t '  o b ta in e d  f o r  th e  S p h e r is o rb  S5W colum n 
(F ig u re  11) w i th  a minimum reduced  p la te  h e ig h t  o f  1 .8  (5 6 ,0 0 0  
t h e o r e t ic a l  p la te s )  in d ic a te s  th e  colum n is  w e l l  packed . A s im i la r
-  59 -
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F ig u re  1 1 . P lo t  o f  reduced  p la te  h e ig h t  (h )  a g a in s t  reduced v e lo c i t y  ( v )
Column: 50cm x 8.1nni I .D .  S p h e r is o rb  S5W
E lu e n t :  d ic h lo ro m e th a n e - is o o c ta n e -m e th a n o l (5 0 :5 0 :1 )
S o lu te :  m - n i t r o a n i l in e
5 .0  1 0 .0
Reduced ve lo c ity  (v)
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r e l a t i o n s h i p  (F ig u r e  12) was o b ta in e d  f o r  th e  low er c o s t  LP1 s i l i c a
colum n, a lth ough  the  minimum reduced p la t e  h e ig h t  ( h = 2 .9 )  i s  s l i g h t l y
h ig h e r .  T h is  p ro ba b ly  r e f l e c t s  the  w ider p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  
t h i s  m a t e r i a l .
3 . 2 . 9  E v a lu a tio n  o f  packing m a t e r ia ls
a) A n a ly t ic a l  columns
A n a l y t i c a l  columns were packed to  e v a lu a t e  tw e n ty -  
two c o m m ercia lly  a v a i l a b l e  packing m a t e r ia ls  on a c o s t /p e r fo r m a n c e  
b a s i s .  These m a t e r ia l s  were s e l e c t e d  f o r  t h e i r  s u i t a b i l i t y  in  s e p a r a t in g  
ch em ica ls  used in  th e  p harm aceutical in d u s t r y .  Packing m a t e r ia ls  <10ym 
p a r t i c l e  s i z e  w ere packed in t o  12 .5cm  x 4.9mm I .D .  co lu m n s, w h i l s t  th o se  
>10pm were packed in t o  25cm x 4.9mm I .D .  colum ns. T a b le s  14 and 15  
summarise the  c h a r a c t e r i s t i c s ,  packing s o lv e n t s  and perform ance o f  the  
m a t e r i a ls  s t u d i e d .
Using th e  c r i t e r i a  in tro d u ce d  by B r is to w  and Knox4 7 , 
the m a jo r i t y  o f  the  m a t e r ia ls  shown in  T ab le  7 produced good columns
i . e .  th e  reduced p l a t e  h e ig h t  (h ) was between 2 and 3 and th e  column  
r e s i s t a n c e  param eters (<f>) were between 500 and 1 0 0 0 .
The more e x p e n s iv e  s p h e r ic a l  p a r t i c l e s  gave the  
h ig h e s t  e f f i c i e n c y  and lo w e s t  $ v a l u e s ,  a lth ough  th e  P a r t i s i l  range o f  
m a t e r i a ls  a l s o  gave v e ry  good p erfo rm an ces . The LP1 s i l i c a  gave r a th e r  
low er perform ance a lth ough  on a c o s t  perform ance b a s i s  i t  i s  s t i l l  v e ry  
u s e fu l  f o r  s e m i -p r e p a r a t i v e  s e p a r a t i o n s .  The v a r io u s  s i l i c a  m a t e r ia l s  
showed marked d i f f e r e n c e s  in  r e t e n t i o n  c h a r a c t e r i s t i c s  but s l i g h t  
d i f f e r e n c e s  in  s e l e c t i v i t y .  The d i f f e r e n c e s  in  s e l e c t i v i t y  were more
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Column: 50cm x 8.1mm I . D .  LP1 s i l i c a
E lu e n t :  d ic h lo ro m e th a n e -iso o c ta n e -m e th a n o l  ( 5 0 : 5 0 : 1 )
S o l u t e :  m - n i t r o a n i l i n e
Figure 12. P lo t o f reduced p la te  height (h) against reduced ve lo c ity  (v)
Reduced ve lo c ity  (v)
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marked w ith  the  ami n o -p ro p y l  and cy an o -p ro p y l bonded m a t e r i a l s .  The 
k' v a lu e s  o f  th e  n i t r o a n i l i n e  isom ers chromatographed on th e  columns 
prepared  from the m a t e r ia ls  l i s t e d  in  T a b le  1 4 ,  using  a d ich lo ro m e th a n e -  
is o o c ta n a -m e th a n o l  ( 5 0 : 5 0 : 1 )  e l u t i n g  s o l v e n t ,  are shown in  T ab le  1 6 .
The columns packed w ith  th e  o c t a d e c y l s i l y l - b o n d e d  
s i l i c a  m a t e r i a l s  g e n e r a l l y  gave low er e f f i c i e n c y  (T a b le  15) than th o se  
packed w ith  th e  co rre sp o n d in g  unbonded s i l i c a .  However, th e s e  r e s u l t s  
s t i l l  compare v e ry  fa v o u r a b ly  w ith  the  v a lu e s  quoted  by most commercial 
c o l u m n  s u p p l i e r s .  As e x p e c t e d ,  the LP1 ODS gave low er e f f i c i e n c y  
than th e  o th e r  bonded m a t e r i a l s ,  a lth ough  on a c o s t /p e r fo r m a n c e  b a s i s ,  
t h i s  m a te r ia l  was again  c o n s id e r e d  v ery  s a t i s f a c t o r y  f o r  se m i-  
p r e p a r a t iv e  s e p a r a t i o n s .  The k' v a lu e s  o f  th e  components o f  the  t e s t  
m ix tu re  on the  v a r io u s  o c t a d e c y l s i l y l - b o n d e d  m a t e r i a l s ,  u s in g  a 
m e th a n o l-w a te r  ( 9 0 : 1 0 )  e l u t i n g  s o l v e n t ,  are  shown in  T a b le  1 7 .  These  
m a t e r i a ls  showed marked d i f f e r e n c e s  in  s e l e c t i v i t y  and r e t e n t io n  
c h a r a c t e r i s t i c s .  Other w o rk e rs489tf9 have r e c e n t ly  re p o rte d  s i m i l a r  
f i n d i n g s .  The d i f f e r e n c e s  in  th e  s e l e c t i v i t y  and r e t e n t i o n  c h a r a c t e r ­
i s t i c s  o f  th e s e  m a t e r i a l s  are due t o  v a r i a t i o n s  in  th e  number o f  o c t a ­
decyl s i  l y l  -bonded  groups ( o f t e n  r e f e r r e d  t o  as the carbon l o a d ) ,  the  
number o f  uncapped hydroxyl g r o u p s ,  the  pore s i z e ,  and th e  pore s i z e  
d i s t r i b u t i o n .
b) S e m i -p r e p a r a t iv e  columns
U t i l i z i n g  in fo r m a tio n  o b ta in e d  from a n a l y t i c a l  packing  
s t u d i e s ,  a range o f  s e m i -p r e p a r a t i v e  columns were packed w ith  m a t e r ia l s  
which gave e i t h e r  high e f f i c i e n c y  o r  showed a high perform ance to  c o s t  
b e n e f i t .  The s e l e c t e d  m a t e r i a l s  were packed in to  50cm x 8.1mm I .D .  
columns f o r  use in  th e  column lo a d in g  s t u d i e s  ( S e c t io n  4 )  and th e  se m i-
p r e p a r a t iv e  s e p a r a t io n s  ( S e c t io n  5 ) .  The perform ance o f  t h e s e  s e m i-
- 66 -
T a b le  1 6 . The k' v a lu e s  o f  the  n i t r o a n i l i n e  isom ers on s i l i c a  and 
p o la r  bonded s i l i c a  columns
Packing
M a te r ia l
k' v a lu e *
o - n i t r o a n i l i n e m - n i t r o a n i l i n e p - n i t r o a n i l i n e
S p h e riso rb  S5W 0 . 4 2 0 .6 3 1 .0 3
S p h e riso rb  S10W 0 . 4 5 0 .6 9 1 .10
S p h e riso rb  SGP 0 .4 1 0 .6 1 0 . 9 5
H y p e rs il  s i l i c a 0 .3 1 0 . 5 8 0.86
LP1 s i l i c a 0 . 3 2 0.66 0 .8 9
P a r t i s i l  5 0 .5 1 1 .0 5 1 .8 1
P a r t i s i l  10 0 .5 6 1 .1 6 2.00
P a r t i s i l  20 0 . 5 8 1 .1 6 1 .9 6
L ic h ro so rb  Si 60 0 . 7 7 1 .5 5 2 .2 5
Zorbax s i l i c a 0 . 6 4 1 .1 5 2.00
P o r a s i l 0 . 4 4 0 .8 0 1 .1 8
S p h e r iso rb  S5NH 0 . 7 2 1 .10 2 .5 8
S p h e riso rb  S5CN 0 . 3 2 0 .7 1 0 . 9 8
*  E lu t in g  s o l v e n t :  d ic h io r o m e th a n e / is o o c ta n e /m e th a n o l  ( 5 0 : 5 0 : 1 )
T ab le  1 7 . The k 1 v a lu e s  o f  th e  t e s t  s o l u t e s  on o c t a d e c y l s i l y l -b o n d e d  
s i l i c a  columns
Packing
M a te r ia l
k' v a lu e  t
dim ethyl
p h th a la te
d i - n - b u t y l
p h th a la te
pyrene
S p h e r is o rb  S50DS 0 .1 6 0 .7 1 1 . 5 8
S p h e r iso rb  S100DS 0 . 1 8 0 . 7 6 1 .7 1
H y p e rs i l  ODS 0 . 1 8 0 . 7 0 1 .4 9
LP1 ODS 0.21 0 . 8 2 2 .7 0
y Bondapak Cl 8 0 .6 1 1 .3 2 1 .9 0
Zorbax ODS 0 .2 6 1 .3 5 4 . 1 8
L ich ro so rb  RP18 0 .5 5 1 .4 3 4 .3 9
P a r t i s i l  10 ODS 0 . 1 5 0 . 3 7 1 .0 3
P a r t i s i l  10 ODS 2 0 . 2 6 1 .4 9 4 . 6 8
j .
E lu t in g  s o l  v e n t :m e th a n o l /w a te r  ( 9 0 : 1 0 )
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p r e p a r a t iv e  columns i s  shown in  T ab le  18  ( th e  c h a r a c t e r i s t i c s  o f  th e  
m a t e r ia ls  used and th e  packing s o l v e n t s  employed have been summarised  
p r e v i o u s ly  in  T a b le s  14 and 1 5 ) .
As o b se rv e d  w ith  th e  a n a l y t i c a l  co lu m ns, th e  s m a l le r  
s p h e r ic a l  p a r t i c l e s  gave v e r y  good perform an ce . The S p h e r iso rb  S5W 
and the p o la r  bonded S p h e r is o r b  S5CN and S5NH gave the  h ig h e s t  
e f f i c i e n c i e s .  Of th e  i r r e g u l a r  m a t e r i a l s ,  th e  low c o s t  LP1 and LP1 ODS 
m a t e r ia ls  gave s a t i s f a c t o r y  p e rfo rm a n ce , w h i l s t  th e  P a r t i s i l  5 and 
P a r t i s i l  10 gave v e ry  d is a p p o in t in g  r e s u l t s .  The poor performance  
o f  th e se  l a t t e r  m a t e r ia l s  i s  d i f f i c u l t  to  e x p l a i n .  Chromatograms 
i l l u s t r a t i n g  the  s e p a r a t io n s  o b t a in e d  w ith  the n i t r o a n i l i n e  t e s t  m ix tu re  
on a S p h e r iso rb  S5W column ( 5 6 , 0 0 0  t h e o r e t i c a l  p l a t e s )  and an LP1 s i l i c a  
column ( 7 , 5 0 0  t h e o r e t i c a l  p l a t e s )  a re  shown in  F ig u res  13 and 14  
r e s p e c t i v e l y .
T a b le  1 8 . Performance o f  s e m i -p r e p a r a t i v e  columns  
Columns were packed u sin g  a 6% w /v  s l u r r y  a t  5000 p s i .
Packing
M a te r ia l
No. o f  
Columns 
packed Value
E f f i c i e n c y *
N o .5 N o .i h
S p h e r iso rb  S5W >5 590 5 2 ,0 0 0 5 1 ,9 0 0 1 . 9
S p h e riso rb  S10W 3 560 2 3 ,1 0 0 2 0 ,7 0 0 2.2
S p h e r iso rb  SGP 1 540 2 0 ,8 0 0 1 9 ,1 0 0 3 . 0
LP1 s i l i c a >5 700 7 ,5 0 0 6 ,6 0 0 3 . 4
LP1 ODS 2 850 2 ,8 0 0 2 ,4 0 0 9 . 0
P a r t i s i l  5 5 1,100 9 ,7 0 0 6,200 1 0 .3
P a r t i s i l  10 5 700 1 2 ,4 0 0 9 ,3 0 0 4 . 0
S p h e riso rb  S5NH 3 600 3 9 ,7 0 0 3 2 ,0 0 0 2 . 5
S p h e riso rb  S5CN 3 650 4 5 ,8 0 0 3 6 ,6 0 0 2.2
*  m - n i t r o a n i l i n e  peak ( s i l i c a  and p o la r  bonded s i l i c a  m a t e r i a l s )  
pyrene peak (LP1 ODS)
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m - n i t r o a n i l i n e
F igure  1 3 . S e p a ra tio n  o f  n i t r o a n i l i n e  isom ers on a s e m i -p r e p a r a t iv e  
S p h e riso rb  S5W colum n.
Column s i z e :  50cm x 8.1mm I . D . ;  E lu e n t :  d ic h lo ro m e th a n e -iso o c ta n e -m e th a n o l  
( 5 0 : 5 0 : 1 ) ;  Flow r a t e :  2 .7 5 m l / m i n . ;  P re ssu re  d ro p : 1050 p s i ; D e te c t io n ;  UV, 
254nm; Sam ple: 1 0 .8 y l  o f  n i t r o a n i l i n e  t e s t  m ix tu re .
EFFICIENCY ( N o .5) :  5 6 ,0 0 0  t h e o r e t i c a l  p l a t e s  ( m - n i t r o a n i l i n e )
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m-ni t r o a n i 1 i ne
p - n i t r o a n i l i n e
o - n i t r o a n i l i n e
I n je c t io n
30 Time (m in . )
F ig u re  1 4 . S e p a ra tio n  o f  n i t r o a n i l i n e  isom ers on a s e m i-p r e p a r a t iv e  
LP1 s i l i c a  column.
Column s i z e :  50cm x 8.1mm I . D . ;  E lu e n t :  d ic h lo ro m e th a n e -iso o c ta n e -m e th a n o l  
( 5 0 : 5 0 : 1 ) ;  Flow r a t e :  1 . 7 5 m l / m i n . ;  P ressu re  d ro p : 60 p s i ;  D e t e c t i o n ;  UV, 
254nm; Sam ple: 1 0 .8 y l  o f  n i t r o a n i l i n e  t e s t  m ix tu re .
EFFICIENCY ( N o .5) :  7 , 5 0 0  t h e o r e t i c a l  p l a t e s  ( m - n i t r o a n i l i n e )
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1) High perform ance a n a l y t i c a l  and s e m i -p r e p a r a t i v e  columns
can r e a d i l y  be packed u s in g  an 'upw ards' s t i r r e d  s l u r r y  packing te c h n iq u e .  
The tech n iq u e  may be used t o  pack both  s i l i c a  and c h e m ic a l ly  bonded s i l i c a  
m a t e r i a l s .
2 )  Columns can be s u c c e s s f u l l y  packed a t  p re s su re s  rang­
ing from 2000  to  5000 psi w ith  s l u r r y  c o n c e n tr a t io n s  o f  6 to  12 .5 %  w/v  
u sin g  e i t h e r  m e th an o l,  iso p r o p y l  a l c o h o l ,  or  a ceton e  s l u r r i e s .
3 )  The packing tim e f o r  a 12 .5cm  a n a l y t i c a l  column was
l e s s  than 10 m in u te s ,  whereas a 50cm s e m i -p r e p a r a t i v e  column r e q u ir e d  up
to  90 m in u te s .
4 )  For th e  m a jo r i t y  o f  packing m a t e r ia l s  exam ined , th e  column
e f f i c i e n c y ,  e x p re sse d  in  terms o f  th e  reduced p l a t e  h e ig h t  ( h ) ,  does n o t
vary  w ith  the  column le n g th  w ith in  th e  range 1 2 . 5  to  50cm o r  in te r n a l  
d iam eter  w ith in  th e  range 4 . 9  to  10 .9m n . The performance o f  se m i-p r e p ­
a r a t i v e  columns i s  improved by u sin g  o u t l e t  f i t t i n g s  w ith  a c o n e d ,
r a th e r  than a f l a t  i n t e r n a l  b a s e .
5) The use o f  a v a lv e  i n j e c t i o n  te c h n iq u e  in  c o n ju n c tio n
w ith  column i n l e t  f i t t i n g s  having a f l a t  in t e r n a l  b a s e ,  g iv e s  v ery  high  
perform ance . T h is  system  u t i l i z e s  th e  f u l l  lo a d in g  c a p a c i t y  o f  s e m i-
p r e p a r a t iv e  columns.
6 ) The 5ym s p h e r ic a l  m a t e r ia l s  g iv e  th e  h ig h e s t  e f f i c i e n c y  
a n a l y t i c a l  and s e m i -p r e p a r a t i v e  co lu m ns, a lth ough  the  LP1 s i l i c a  g iv e s  
e x c e l l e n t  r e s u l t s  on a c o s t /p e r fo r m a n c e  b a s i s .  The perform ance o f  th e  
columns packed compare v e ry  fa v o u r a b ly  w ith  th e  b e s t  v a lu e s  r e p o r te d  in  
th e  l i t e r a t u r e .
3.3 Conclusions
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SECTION 4
SAMPLE LOADING IN S E M I-P R E P A R A T IV E  HPLC
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SECTION 4
4 .1  In tr o d u c t io n
4 . 1 . 1  I n t e r r e l a t e d  param eters in  p r e p a r a t iv e  HPLC
The m ajor o b j e c t i v e  in  p r e p a r a t iv e  chromatography  
i s  to  i s o l a t e  the maximum amount o f  p u r i f i e d  m a te r ia l  w ith  the
minimum amount o f  time and e x p e n se . The th ree  i n t e r r e l a t e d  param eters
a f f e c t i n g  p r e p a r a t iv e  e f f i c i e n c y  are  shown in  F igure  1 5 .
.R e s o lu t io n
SAMPLE LOADING IN SEMI-PREPARATIVE HPLC
/  \
S e p a ra tio n  Sample
Speed **  Load
F igure  1 5 . I n t e r r e l a t e d  param eters in  p r e p a r a t iv e  HPLC
O p tim isa t io n  o f  one parameter u s u a l l y  n e c e s s i t a t e s  
compromise o f  one o r  both o f  th e  o t h e r s .  In a n a l y t i c a l  HPLC, speed  
and r e s o lu t i o n  are the d e s ir e d  g o a l s ,  w h i l s t  sample load  i s  u s u a l l y  
compromised. In c o n t r a s t ,  p r e p a r a t iv e  s e p a r a t io n s  r e q u ir e  h ig h e r  
sample lo a d ,a n d  s e p a r a t io n  speed  o r  column r e s o l u t i o n  are  o f t e n  
s a c r i f i c e d  to  a ch iev e  t h i s  g o a l .
The c u r r e n t  lo a d in g  s t u d i e s  are  concerned w ith  the  
i n t e r a c t i o n  o f  th e s e  param eters in  high performance s e m i -p r e p a r a t iv e  
colum ns.
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4.1.2 Preparative e ffic ie n cy
A la r g e  number o f  p aram eters2 1 *50" 53 have been used  
t o  measure p r e p a r a t iv e  e f f i c i e n c y  and th e  lo a d in g  c a p a c i t y  o f  colum ns.  
Snyder53 in tro d u ced  th e  term ' l i n e a r  c a p a c i t y '  (© o . i ) as a measure o f  
th e  column lo a d in g  c a p a c i t y .  He d e f in e d  e 0 . i  as the  sample s i z e  which  
cau ses  a 10% d e cre a se  in  th e  k ' v a lu e  r e l a t i v e  t o  th e  v a lu e  o f  k' 
observed  a t  low sample lo a d s .  Snyder c a lc u la t e d  e 0 . i  from p l o t s  s i m i l a r  
to  th a t  shown in  F igure  1 6 .  He o b se rv e d  t h a t  column e f f i c i e n c i e s  began  
to  d e crease  ( i . e .  H .E .T .P .  i n c r e a s e s )  when a lo a d  e q u iv a le n t  to  e 0 . i  
(a p p ro x im a te ly  Img o f  s o lu t e /g r a m  o f  a d so rb e n t)  was in tr o d u c e d .
Key:
_  o = k'
— 10 1
o AT A = H .E .T .P .
'  O  Q _
- 6  p  
txJ
4
h  2
100 1000 
Weight o f  sample ( y g /g )
F igure  16. P lo t  o f  k ' ( o )  and H . E . T . P .(a) v a lu e s  a g a i n s t  w eig h t o f  sample  
per gram o f  s i l i c a  a d s o r b e n t . Redrawn from S nyd er53 w ith  
s l i g h t  m o d i f i c a t i o n .
More r e c e n t ly  Done51 has su g g e ste d  t h a t  t h i s  c o r r e l a t i o n 53 
was f o r t u i t o u s .  He o b se rv e d  t h a t  f o r  the  h ig h e r  perform ance colum ns,  
e f f i c i e n c y  d e cre a se s  w ith  lo a d in g  a t  much low er l e v e l s .  S tu d ie s  by Gray54 
have a l s o  shown t h a t  e f f i c i e n c y  s t a r t s  to  d e cre a se  a t  e x tre m e ly  low mass 
l o a d in g s .  B r is to w 24 re p o rte d  t h a t  th e  g r e a t e r  th e  e f f i c i e n c y  o f  th e  
o r i g i n a l  column, the  s m a l le r  i s  th e  load  a t  which e f f i c i e n c y  l o s s e s  a re
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o b se rv e d .
In a d d i t io n  t o  column l i n e a r  c a p a c i t y  and p la t e  
h e i g h t ,  p r e p a r a t iv e  e f f i c i e n c y  has been c o n sid e re d  in  terms o f  
r e s o l u t i o n 5 2 , th ro u g h p u t1 8 ’ 5 0 , and th e  tim e y i e l d  f a c t o r 2 1 . Through­
put combines speed and lo a d  and i s  d e f in e d  as the  amount o f  m a te r ia l  
o f  d e s ir e d  p u r i t y  se p a ra te d  per u n i t  t im e . Berg21 combined throughput  
and r e s o lu t i o n  ( a l l  th r e e  param eters in  Figure 15) to  o b t a in  a tim e  
y i e l d  f a c t o r  (d e f in e d  in  S e c t io n  1 . 4 ) .
Although a la r g e  number o f  param eters have been used  
to  measure the column lo a d in g  c a p a c i t y ,  in  p r a c t i c a l  te r m s , a column  
o v e r lo a d  s i t u a t i o n  i s  reached when th e  d e s ir e d  r e s o l u t i o n  o f  two 
components i s  no lo n g e r  a c h ie v e d .
4 . 1 . 3  E f f e c t  o f  sample lo a d  on column r e s o lu t i o n
Chromatographic r e s o lu t i o n  (Rg ) i s  dependent on th e  
c a p a c i t y  f a c t o r  ( k ‘ ) ,  the  s e p a r a t io n  s e l e c t i v i t y  ( a )  and the  column 
e f f i c i e n c y  (N ) .  The r e l a t i o n s h i p  between th e se  th re e  param eters and 
the  column r e s o lu t i o n  i s  shown in  Equation 4 . 1 .  T h is  r e l a t i o n s h i p
( 4 . 1 )  . . . .
Rs = -  ( — 1 ( a - 1 ) S T
may be a p p l ie d  q u a n t i t a t i v e l y  p ro vid ed  th e  column l i n e a r  c a p a c i t y  ( 0o . i )  
i s  n ot  exceed ed 18 ( i . e .  sample lo a d  <lmg/gram o f  a d s o r b e n t ) .  The th re e  
param eters are a p p ro x im a te ly  independent and can be i n d i v i d u a l l y  o p t im is e d .
The e f f e c t  o f  sample lo a d  on the  th r e e  param eters in  
Equation 4.1  has been s tu d ie d  e x t e n s i v e l y  by a la r g e  number o f  w o rk e rs1 7 ’ 1 8 *5 5 .
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The r e s u l t s  o f  t h e i r  s t u d i e s  are d is c u s s e d  in  S ectio n s  4 . 1 . 3 .  a - c .
4 . 1 . 3 . a C a p a c ity  f a c t o r  (k * )
In an e a r l y  review  on p r e p a r a t iv e  chrom atography,
De S te fa n o  and K ir k la n d 56*57 recommended the  use o f  la r g e  k 1 v a lu e s  
( e . g .  k ' ^5) to  enhance th e  column lo a d in g  c a p a c i t y .  T h e ir  e x p la n a t io n  
su g g e s ts  t h a t  a t  la r g e r  k ' v a l u e s ,  th e  average  c o n c e n tr a t io n  o f  the  
s o l u t e  i s  s i g n i f i c a n t l y  low er as i t  p a sse s  through th e  column than t h a t  
o f  the same component a t  s m a l le r  k* v a l u e s .  Both Bombaugh and A lm q u is t50 
a n d S c o t t a n d  Kucera58 re p o rte d  t h a t  the column lo a d in g  c a p a c i t y  w i l l  
in c r e a s e  w ith  in c r e a s in g  k* v a l u e .  Haywood and Munro55 r e p o rte d  t h a t  
f o r  p r e p a r a t iv e  s e p a r a t io n s ,  k 1 v a lu e s  o f  f i v e  to  e i g h t  are  most  
a p p r o p r ia t e ,  a lth ough  th e y  provid ed  minimal e v id en ce  t o  su p p o rt  t h i s  
c o n c lu s io n .
In c o n t r a s t ,  Krusche59 from Dupont, re p o rte d  t h a t  
p r e p a r a t iv e  e f f i c i e n c y  v a r i e s  i n v e r s e l y  with  k ' v a lu e s  a t  c o n s ta n t  
sample l o a d s .  His e x p la n a t io n  f o r  t h i s  o b s e r v a t io n  r e a l i s e s  t h a t  by 
d e f i n i t i o n  a t  high k ‘ v a l u e s ,  th e  s o l u t e  spends more time on the  
s t a t i o n a r y  phase than in  th e  m o b ile  p h a se . Hence th e  e f f e c t i v e  sample  
lo a d  as seen by th e  s t a t i o n a r y  phase i s  h ig h e r .  Thus he concluded  t h a t  
low k ‘ v a lu e s  ( < 2 . 0) are  b e s t  f o r  high performance p r e p a r a t iv e  work.
Both Coq e t  a l B0 and Done51 a l s o  in d ic a t e d  t h a t  th e  s m a l le r  the k* v a l u e ,  
th e  h ig h e r  was th e  lo a d in g  c a p a c i t y .
Snyder and K ir k la n d 18 re p orted  t h a t  in  p r e p a r a t iv e  
HPLC th e re  i s  no u n iv e r s a l  agreement as to  the  optimum k ' v a l u e ,  as t h i s  
param eter may depend on th e  amount o f  sample i n j e c t e d .
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4 * 1 - 3 . b S e l e c t i v i t y  ( a )
S e l e c t i v i t y ,  which i s  dependent on both th e  s t a t i o n a r y
and the  m obile  p h a se ,h a s  th e  m ost im p o rta n t  i n f lu e n c e  on r e s o l u t i o n 6 1 * 6 2 .
Wehrli e t  a l 1+2,63 showed t h a t  high s e l e c t i v i t y  f a c t o r s ,  when s u i t a b l y
e x p l o i t e d ,  can in c r e a s e  th roughpu t c o n s i d e r a b ly .  For most p r e p a r a t iv e
s e p a r a t i o n s ,  th e  s e l e c t i v i t y  i s  a l t e r e d  by a d j u s t in g  th e  m o b i le  p hase .  
However, a change in  th e  s t a t i o n a r y  phase can a l s o  e f f e c t  a la r g e
improvement in  s e l e c t i v i t y .
In a n a l y t i c a l  HPLC, th e r e  has been a ra p id  in c r e a s e  
in  the use o f  c h e m ic a l ly  bonded s i l i c a  m a t e r i a l s ,  a lth ou gh  th e y  have  
not been w id e ly  used in  p r e p a r a t iv e  chrom atography. A ccord in g  to  
Henry64 t h i s  i s  due to  th e  high c o s t ,  chem ical i n s t a b i l i t y  and low 
sample c a p a c i t y  o f  c h e m ic a l ly  bonded s u p p o r ts .  V e r z e le 65 in d ic a t e d  
t h a t  the  high c o s t  o f  a lk y l  s i l y l - b o n d e d  s i l i c a  and th e  g e n e ra l la c k  
o f  s o l u b i l i t y  o f  o r g a n ic  m o le c u le s  in  aqueous s o l v e n t s  was l i m i t i n g  
t h e i r  use in  p r e p a r a t iv e  chrom atography.
Very l i t t l e  work has been c a r r ie d  o u t  to  i n v e s t i g a t e  
the lo a d in g  c a p a c i t i e s  o f  c h e m ic a l ly  bonded p h a se s .  Beck and H a la s z 66 
r e p o r te d  th a t  o c t a d e c y l s i l y l - b o n d e d  m a t e r ia ls  have a g r e a t e r  load  
c a p a c i t y  than normal s i l i c a .  From a l i m i t e d  s t u d y ,  Done51 a l s o  con­
cluded t h a t  o c t a d e c y l s i l y l - b o n d e d  m a t e r ia l s  were l e s s  a f f e c t e d  by sample  
lo a d  than s i l i c a  i t s e l f .  However, W a l l57 found t h a t  c o n v e n tio n a l  
a d so rb e n ts  and c h e m ic a l ly  bonded phases dem onstrated  e s s e n t i a l l y  the  
same r e l a t i o n s h i p  between reduced p l a t e  h e ig h t  and r e l a t i v e  lo a d .
Although th e r e  i s  d isa greem en t about th e  lo a d in g  
c a p a c i t i e s  o f  bonded p h a s e s ,  th e r e  i s  g e n e ra l agreem ent t h a t  th e  s t a t i o n a r y  
and m o b ile  phase sh ou ld  be chosen w ith  as high a s e l e c t i v i t y  as p o s s i b l e
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f o r  the  components o f  i n t e r e s t .  However, i f  the  s e l e c t i v i t y  cannot be 
s u i t a b l y  a d j u s t e d ,a s  i s  th e  c a se  w ith  complex m ix tu re s  o r  c l o s e l y  r e l a t e d  
com ponents, th e  use o f  high  e f f i c i e n c y  columns remains th e  o n ly  means 
o f  improving r e s o l u t i o n .
4 . 1 . 3 . C  Column e f f i c i e n c y  (N)
As d is c u s s e d  in  S e c t io n  3 ,  column e f f i c i e n c y  i s  
dependent on th e  p a r t i c l e  s i z e ,  column g e o m e try , e lu e n t  v e l o c i t y  and 
packing d e n s i t y .  I t  i s  a l s o  dependent on th e  volume in  which the sample  
i s  i n j e c t e d .
P a r t i c l e  s i z e
Both Hupe61 and Snyder and K irk la n d 18 su g g e ste d  t h a t  
the  c h o ic e  o f  p a r t i c l e  s i z e  f o r  p r e p a r a t iv e  chromatography depends on th e  
d i f f i c u l t y  o f  th e  s e p a r a t i o n .  Thus f o r  d i f f i c u l t  s e p a r a t i o n s ,  high  
e f f i c i e n c y  columns packed w ith  sm all p a r t i c l e s  were recommended, 
whereas f o r  e a sy  s e p a r a t i o n s ,  where la r g e  q u a n t i t i e s  o f  m a te r ia l  are  
o f t e n  r e q u ir e d ,  th e y  su g g e ste d  th e  use o f  l a r g e r  p a r t i c l e s .
Krusche59 examined th e  e f f e c t  o f  p a r t i c l e  s i z e  on 
throughput under c o n d i t i o n s  o f  c o n s t a n t  column in p u t  p re ssu re  and 
s e p a r a t io n  t im e . In s im p le  s e p a r a t io n s  with  good r e s o l u t i o n ,  long  
columns w ith  20ym p a r t i c l e s  gave high  th ro u g h p u t. However, i t  was 
concluded t h a t  f o r  r e s o l u t i o n  o f  complex m ix t u r e s ,  5 o r  10ym p a r t i c l e s  
would g iv e  maximum y i e l d  o f  high p u r i t y  m a t e r i a l .  Both B r is to w 24 and 
W a l l67 a l s o  su g g e ste d  t h a t  th e  more d i f f i c u l t  s e m i -p r e p a r a t iv e  s e p a r a t ­
io n s  are  most e f f i c i e n t l y  c a r r ie d  o u t w ith  5ym p a r t i c l e s .
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Done51 c a r r ie d  o u t  s t u d i e s  u s in g  a n a l y t i c a l  columns  
and re p orted  t h a t  under high lo a d  c o n d i t i o n s ,  20ym p a r t i c l e s  g iv e  the  
b e s t  perform ance . De Jong e t  a Z 1 9 ’ 68 a l s o  p r e d ic te d  t h a t  v ery  long  
columns packed w ith  r e l a t i v e l y  la r g e  p a r t i c l e s  sh o u ld  g i v e  h ig h e s t  
th rou gh p u t. However, both th e  above workers assumed a maximum a l lo w a b le  
column i n l e t  p r e s s u r e .
In r e c e n t  r e v ie w s ,  Haywood and Munro55 and B r is to w 17 
concluded t h a t  the  optimum p a r t i c l e  s i z e  f o r  p r e p a r a t iv e  chromatography  
i s  as y e t  unknown, a lth o u g h  th e y  su g g e ste d  t h a t  th e  b e s t  compromise 
between o v e r a l l  c o s t  and e f f i c i e n c y  p ro b a b ly  r e q u ir e s  th e  use o f  10-  
20ym p a r t i c l e s .
Column geom etry
There has been much d i s c u s s io n  as to  the  optimum 
column geometry f o r  p r e p a r a t iv e  chrom atography1 7 ’ 5 2 9 6 1 9 6 6 . On c o n s i d e r ­
a t io n  o f  the two column dim ensions which a f f e c t  sample th ro u g h p u t,  
P a r r i s 52 concluded t h a t  an in c r e a s e  in  the  in t e r n a l  d ia m e te r  r a th e r  than  
le n g th  o f  th e  column w i l l  be the  more e f f e c t i v e .  S e v e ra l  w ork ers2 1 ’ 69 
have re p o rte d  s u p e r io r  perform ance from columns o f  l a r g e r  d iam eter  
compared to  th o s e  o f  narrower bore colum ns. S c o t t  and Kucera58 c a l c u ­
la t e d  t h a t  the  lo a d in g  c a p a c i t y  o f  th e  column w i l l  in c r e a s e  in  d i r e c t  
p ro p o rt io n  to  the  c r o s s - s e c t i o n a l  a rea  o f  th e  column.
From t h e o r e t i c a l  c o n s i d e r a t i o n s ,  Hupe61 p r e d ic te d  
th a t  throughput should  be o p t im is e d  by in c r e a s in g  th e  column le n g th  
b e fo r e  in c r e a s in g  the column d ia m e te r .  S c o t t  and Kucera58 c la im ed t h a t  
the lo a d in g  c a p a c i t y  o f  the  column in c r e a s e d  w ith  th e  square r o o t  o f  
the column le n g t h .  They assumed t h a t  o v e r lo a d  d id  n o t  o ccu r  and th a t
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th e  p a r t i c l e  d iam eter  was s u i t a b l y  in c r e a s e d  w ith  le n g th  t o  ensu re  t h a t  
the minimum re q u ire d  e f f i c i e n c y  was m a in ta in e d . De Jong e t  a l 19 a l s o  
concluded th a t  when a s p e c i f i c  e f f i c i e n c y  was r e q u ire d  t o  e f f e c t  th e  
s e p a r a t io n ,  b e t t e r  th roughput was o b ta in e d  on lo n g e r  columns packed w ith  
la r g e r  p a r t i c l e s .  The column le n g th  can e f f e c t i v e l y  be in c r e a s e d  
u sin g  r e c y c l in g  te c h n iq u e s 55 a lth ough  t h i s  was n ot c o n s id e r e d  in  t h i s  
s tu d y .
Berg21 c a r r ie d  o u t  a s y s te m a t ic  stu d y  on the  e f f e c t  
o f  both column le n g th  and in t e r n a l  d ia m e te r .  Time y i e l d  f a c t o r s  were
used to  measure p r e p a r a t iv e  e f f i c i e n c y  and i t  was found t h a t  20cm x
9.9mm I .D .  columns gave optimum p erform an ce . U n fo r t u n a t e ly ,  o n ly
a n a l y t i c a l  sample lo a d s  were used in  t h i s  s tu d y .
B r is to w 17 conclud ed  t h a t  th e r e  was no concensus as  
t o  the optimum column geom etry f o r  p r e p a r a t iv e  chrom atography. However, 
B r is to w 2 4 , W a l l67 and Haywood and Munro55 a l l  co n s id e re d  t h a t  50cm x 
8.1mm I .D .  columns were s u i t a b l e  f o r  sm all s c a l e  p r e p a r a t iv e  work.
Volume o v e r lo a d
As the i n j e c t i o n  volume a l s o  has a la r g e  in f lu e n c e  
on column e f f i c i e n c y  volume o v e r lo a d  e f f e c t s  have been s tu d ie d  
e x t e n s i v e l y 5 1 *5 6 *5 8 9 6 0 ,6 3 *6 6 *7 0 . De S te fa n o  and K ir k la n d 56 and P a r r i s 52 
r e p o rte d  t h a t  f o r  common sample m a s s e s ,  b e t t e r  s e p a r a t io n s  were o b ta in e d  
from i n j e c t i o n  o f  la r g e  volumes o f  a d i l u t e  s o l u t i o n  r a th e r  than sm all  
volumes o f  co n c e n tra te d  s o l u t i o n s .  More r e c e n t l y ,  V e r z e le  e t  a l h5 found  
th e  optimum i n j e c t i o n  volume to  be v e r y  dependent on th e  w eig h t o f  
sample i n j e c t e d .  Done51 c a r r ie d  o u t  a l i m i t e d  stu d y  on th e  e f f e c t  o f  
i n j e c t i o n  volume u sin g  a n a l y t i c a l  colum ns. He concluded  t h a t  a t  low  
sample l o a d s ,  sm all volumes o f  c o n c e n tra te d  s o l u t i o n s  gave b e t t e r
-  80 -
e f f i c i e n c y  than la r g e  volumes o f  d i l u t e  s o l u t i o n s ,  whereas a t  h ig h er  
sample l o a d s ,  he found th e  r e v e r s e  t o  be t r u e .
A la r g e  number o f  m athem atical e x p r e s s io n s  have been  
d e r iv e d  to  determ ine th e  optimum i n j e c t i o n  volum e5 8 9 6 3 ’ 7 0 *7 1 . The 
e x p r e s s io n  d e r iv ed  by S c o t t  and Kucera5 8 , shown in  Equation 4 . 2 ,  i s  a 
t y p i c a l  exam ple.
(4 .2) . . . .  V £  =  V 0 { ( a - 1) k 1^  -  J L  . (2 +  k ' A +  a k ' ^ ) }
Ml  = maximum sample volume 
= column dead volume  
a -  s e l e c t i v i t y  
k '^ =  c a p a c i t y  f a c t o r  o f  s o l u t e  A 
N = column e f f i c i e n c y
T h is  e x p r e s s io n  p r e d i c t s  th e  maximum sample volume  
t h a t  can be p la ce d  on a column w ith o u t  im p a ir in g  r e s o l u t i o n .
I n t e r e s t i n g l y ,  S c o t t  and Kucera a l s o  found t h a t  w ith  
in c r e a s e d  i n j e c t i o n  volum e, th e  f r o n t s  o f  a l l  peaks remained a t  c o n s ta n t  
r e t e n t io n  volum e, w h i le  th e  r e t e n t i o n  tim e o f  the back o f  th e  peaks  
p r o g r e s s i v e ly  i n c r e a s e s .  C o n v e r s e ly ,  under c irc u m sta n c e s  o f  mass o v e r ­
l o a d ,  both th e  f r o n t  and r e a r  o f  a l l  peaks tend t o  move towards p o s i t i o n s  
o f  l e s s  r e t e n t io n  t im e .
In a more e m p ir ic a l  a p p ro a ch , independent w orkers1 0 ’ 1 7 ’ 18 *52 
have su g g e ste d  t h a t  th e  i n j e c t i o n  volume can be in c r e a s e d  to  a t h i r d  o f  
the  volume o f  th e  f i r s t  peak o f  i n t e r e s t  w ith o u t  s e r io u s  l o s s  o f  
r e s o l u t i o n .
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The s e p a r a t io n  tim e may be reduced by th e  use o f  high  
e lu e n t  f lo w  r a t e s .  I t  i s  g e n e r a l l y  re c o g n ise d  ( r e f e r e n c e  S e c t io n  3 . 2 . 8 )  
t h a t  a t  low sample l o a d s ,  th e  e f f i c i e n c y  i s  s i g n i f i c a n t l y  reduced a t  
high e lu e n t  v e l o c i t i e s .  However, independent w o rk e rs1 8 ’ 50951956 have  
re p o rte d  t h a t  as th e  sample lo a d  i n c r e a s e s ,  th e  e lu e n t  f lo w  r a t e  has  
l e s s  in f lu e n c e  on column e f f i c i e n c y .  There appears t o  be general  
agreement t h a t  th e  p ro d u ctio n  r a t e  o f  pure m a te r ia l  may be in c r e a s e d  
by th e  use o f  high f lo w  r a t e s .
4 . 1 . 4  Summary
C o n s id e r a b le  re se a r c h  has been c a r r ie d  o u t  to  i n v e s t i g a t e  
the e f f e c t  o f  sample load  on HPLC colum ns. A com parison o f  the r e s u l t s  
r e p o rte d  in  th e  l i t e r a t u r e  i s  h ind ered  by th e  la r g e  number o f  param eters  
t h a t  have been used to  measure p r e p a r a t iv e  e f f i c i e n c y .  There i s  no 
concensus o f  o p in io n  as to  th e  optimum k ‘ v a l u e ,  p a r t i c l e  s i z e ,  column  
geometry o r  i n j e c t i o n  volume f o r  s e m i -p r e p a r a t i v e  HPLC. There i s  
agreement t h a t  the s e l e c t i v i t y  (a) has th e  m ost im p o rta n t  in f lu e n c e  on 
column r e s o l u t i o n  and a l s o  t h a t  th e  p ro d u c tio n  r a t e  o f  pure m a te r ia l  
may be in c r e a se d  by th e  use o f  high f lo w  r a t e s .  The use  o f  c h e m ic a l ly  
bonded phases to  o p t im is e  s e l e c t i v i t y  has n ot been w id e ly  e x p l o i t e d  in  
s e m i -p r e p a r a t iv e  chrom atography.
The o b j e c t  o f  th e  c u r r e n t  lo a d in g  s t u d i e s  i s  to  c a r r y  
o u t  a s y s te m a t ic  stu d y  o f :
(1 )  Volume and mass o v e r lo a d  a t  d i f f e r e n t  k 1 v a lu e s
(2 )  Column geom etry ( i n t e r n a l  d iam eter  and le n g th )
Eluent flow  rate
(3 )  The e f f e c t  o f  p a r t i c l e  s i z e
( 4 )  The lo a d in g  c a p a c i t i e s  o f  c h e m ic a l ly  bonded s i l i c a  
columns
4 . 2  R e s u lts  and D is c u s s io n
The perform ance o f  th e  e le v e n  columns s e l e c t e d  f o r  th e  
lo a d in g  s t u d i e s  i s  shown in  T ab le  1 9 .  These columns were s e l e c t e d  as  
a r e s u l t  o f  the  c o s t /p e r fo r m a n c e  e v a lu a t io n  d e sc r ib e d  in  S e c t io n  3 ,  and 
from c o n s id e r a t io n  o f  th e  lo a d in g  s t u d i e s  c a r r ie d  o u t  by o th e r  workers  
(S e c t io n  4 . 1 ) .  The i n i t i a l  mass and volume o v e r lo a d  s t u d i e s  were  
c a r r ie d  o u t on 50cm x 8.1mm I .D .  s e m i -p r e p a r a t iv e  columns packed w ith  
both S p h e riso rb  S5W and LP1 s i l i c a .  The e f f e c t  o f  o t h e r  column dim ension s  
and o th e r  packing m a t e r i a l s  was then c o n s id e r e d .  A l l  r e s o lu t i o n  (Rg ) 
v a lu e s  quoted r e f e r  t o  th e  s e p a r a t io n  o f  o -  and m - n i t r o a n i l i n e s .  The 
n i t r o a n i l i n e  isom ers were s e l e c t e d  f o r  th e s e  s t u d i e s  as th e y  are r e a d i l y  
se p a ra te d  on both s i l i c a  and c h e m ic a l ly  bonded s i l i c a  colum ns. The isom ers  
a l s o  have v ery  good chrom atographic  p r o p e r t ie s  and were s o lu b l e  in  th e  
a d so r p tio n  phase and r e v e r s e  phase s o l v e n t s .  The c a p a c i t y  f a c t o r  ( k 1) 
and tim e y i e l d  f a c t o r  (TYF) v a lu e s  quoted r e f e r  t o  m - n i t r o a n i l i n e .
4 . 2 . 1  Volume o v e r lo a d
4 . 2 . 1 . a E f f e c t  o f  k 1
The e f f e c t  o f  volume o v e r lo a d  on s e m i -p r e p a r a t iv e  
S p h e riso rb  S5W and LP1 s i l i c a  columns (50cm x 8.1mm I . D . )  was examined  
a t  th r e e  d i f f e r e n t  k 1 v a l u e s .  These s t u d i e s  were c a r r ie d  out w ith  
both a n a l y t i c a l  (1 0 y g )  and s e m i -p r e p a r a t iv e  sample lo a d s  (1 0 0 0  o r  5 0 0 0 y g ) ,  
I t  was n e c e ssa ry  to  r e s t r i c t  th e  sample lo a d  to  1000ng a t  low er k ' v a lu e s  
due t o  s a t u r a t i o n  o f  th e  d e t e c t o r  re s p o n s e .  The r e s u l t s  a re  p re se n te d
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Table 19. E ffic ie ncy , and the weight o f packing material
in  the columns used fo r  the loading studies
Column
No.
Packing
M a te ria l
E f f i c i e n c y
W eight  
Packing (g )N o .5 No. i
PI S p h e r iso rb  S5W 5 1 ,7 0 0 4 8 ,1 0 0 1 8 .0
P2 LP1 s i l i c a 6,200 5 ,7 0 0 1 1 .0
P3 S p h e riso rb  S5W 22,100 1 4 ,2 0 0 9 . 2
P4 LP1 s i l i c a 6 ,8 0 0 6,100 20.0
P5 S p h e riso rb  S10W 2 5 ,7 0 0 2 4 ,8 0 0 1 7 .7
P6 P a rti  s i  1 5 2 0 ,4 0 0 1 9 ,1 0 0 2 .3
P7 P a rti  s i  1 10 10,000 9 ,4 0 0 2 .3
P8 P a rti  s i  1 20 4 , 2 0 0 3 ,7 0 0 2 , 5
P9 S p h e riso rb  S5CN 5 0 ,2 0 0 3 2 ,7 0 0 1 8 .2
P10 S p h e riso rb  S5NH 4 0 ,3 0 0 3 0 ,6 0 0 1 8 .6
PI 1 LP1 ODS 2 ,8 0 0 2 ,4 0 0 10.8
in  g r a p h ic a l  form showing the  change in  r e s o l u t i o n  o f  th e  n i t r o a n i l i n e  
isom er p a ir  with  i n j e c t i o n  volume.
As shown in  F ig u re s  17a and 17b w ith  an a n a l y t i c a l
sample lo a d ,  the  i n j e c t i o n  volume had a dram atic  in f lu e n c e  on column
r e s o l u t i o n .  The i n j e c t i o n  volume was m ost im portant a t  low k 1 v a lu e s
where c o n s id e r a b le  l o s s  in  r e s o l u t i o n  and peak d i s t o r t i o n  o c c u r r e d . The
peak d i s t o r t i o n  i n h i b i t e d  th e  measurement o f  r e s o l u t i o n  a t  low k' v a lu e s  
f o r  la r g e  i n j e c t i o n  volumes ( > 2 0 0 0 y l ) .  These s e v e r e  o v e r lo a d  e f f e c t s  
were more pronounced w ith  the  h ig h e r  perform ance S p h e r is o rb  S5W column.
A t a k* va lu e  o f  0 . 7  th e  LP1 column showed an 11% drop in  r e s o lu t i o n  
when the i n j e c t i o n  volume was in c r e a s e d  from 10 to  5 0 0 y 1 , whereas a drop  
o f  a lm o st  50% occu rred  w ith  th e  S p h e r iso rb  S5W column under s i m i l a r  
c o n d i t i o n s .
The e f f e c t  o f  sample volume becomes l e s s  c r i t i c a l  as
th e  mass i n j e c t e d  i s  in c r e a s e d .  T h is  i s  r e f l e c t e d  by th e  low er s lo p e
f a c t o r s  o bserved  in  th e  p l o t s  in  F ig u re s  18a and 1 8 b ,  a lth ou gh  th e  i n j e c t i o n
volume was s t i l l  e x tre m e ly  im p ortan t a t  k' v a lu e s  l e s s  than two and
sample lo a d s  o f  lOOOyg. However, i f  th e  sample lo a d  i s  in c r e a s e d  to  
5000yg and the k ‘ v a lu e  i s  n ea re r  5 . 0 ,  th e  i n j e c t i o n  volume had minimal
e f f e c t  on r e s o lu t io n  o v e r  th e  range s t u d i e d .
For the S p h e r is o rb  S5W column a t  5000yg sample l o a d ,  
th e r e  was e v id en ce  o f  mass o v e r lo a d  p redom in atin g  as a s l i g h t  improvement 
in  r e s o lu t io n  was o b se rv e d  on in c r e a s i n g  th e  i n j e c t i o n  volume from 500  
to  lOOOyl. The minimum volume i n j e c t e d  in  t h i s  s tu d y  was r e s t r i c t e d  to  
500yl owing to  the  l i m i t e d  s o l u b i l i t y  o f  the  n i t r o a n i l i n e s .
I t  i s  i n t e r e s t i n g  t o  n ote  t h a t  the  r e s o l u t i o n  o b ta in e d  
on the S p h eriso rb  S5W column a t  t h i s  h ig h e r  lo a d  (5 0 0 0 y g )  i s  c o n s id e r a b ly
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17a) 50cm x 8.1mm I .D .  S p h e r is o rb  S5W column (N o .P I )
17b) 50cm x 8.1mm I .D .  LP1 s i l i c a  column (N o .P 2 )
F igure  1 7 . P lo t s  o f  r e s o l u t i o n  a g a i n s t  i n j e c t i o n  volume a t  d i f f e r e n t  
k 1 v a lu e s
A n a ly t ic a l  sample lo a d  (1 0 y g )
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18a) 50cm x 8.1mn I .D .  S p h e riso rb  S5W (N o .P I)
t
18b) 50cm x 8.1mm I .D .  LP1 s i l i c a  (N o.P2)
t
F igure  1 8 . P lo t s  o f  r e s o l u t i o n  a g a in s t  i n j e c t i o n  volume a t  d i f f e r e n t  
k ‘ v a lu e s
-  S e m i-p r e p a r a t iv e  sample lo a d  (x  and © = lOOOpg, A = 5000pg)
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l e s s  than on th e  LP1 column. The e f f e c t  o f  mass o v e r lo a d  i s  d is c u s s e d  
in  S e c t io n  4 . 2 . 2 .
4 - 2 . l . b  E f f e c t  o f  column geometry
A l i m i t e d  volume o v e r lo a d  stu d y  was c a r r ie d  o u t  to
i n v e s t i g a t e  the  e f f e c t  o f  red ucin g  th e  column le n g th  and in c r e a s in g  the
column d iam eter  as i t  was c o n s id e re d  t h a t  th e s e  changes in  geometry  
may improve sample th ro u g h p u t. The r e s u l t s  are  shown in  F igu res  19a
and 19b .
The e f f e c t  o f  th e  i n j e c t i o n  volume on 25 and 50cm 
columns (8.1mm I . D . )  packed with  S p h e r iso rb  S5W was examined with a
5000yg lo a d  a t  a k 1 v a lu e  o f  4 . 8 .  The 50cm column which had a h ig h e r
r e s o l u t i o n ,  was v i r t u a l l y  u n a f fe c t e d  by i n j e c t i o n  volumes up to  5 0 0 0 y l ,
whereas the  25cm column showed a 17% drop in  r e s o l u t i o n  on in c r e a s in g
th e  i n j e c t i o n  volume from 500 to  5 0 0 0 y l .
The e f f e c t  o f  v ary in g  the  column d ia m eter  was s tu d ie d  
by comparing 8 .1  and 10.9mm I .D .  columns packed w ith  LP1 s i l i c a .  (The 
LP1 columns were used f o r  t h i s  s tu d y  as d i f f i c u l t y  was encountered packing  
10.9mm I .D .  columns w ith  S p h e riso rb  S5W (r e f e r e n c e  S e c t io n  3 . 2 . 6 ) . )
The column le n g th  was m a in tain ed  c o n s ta n t  a t  50cm and a lOOOyg sample  
lo a d  was i n j e c t e d  a t  a k 1 v a lu e  o f  two. On in c r e a s in g  th e  i n j e c t i o n  
volume from 100 to  5 000yl th e  8.1mm I .D .  column showed a 47% drop in  
r e s o l u t i o n ,  whereas the  d e c re a se  in  r e s o lu t i o n  on th e  10.9mm I .D .  column  
was o n ly  27%. There a re  c l e a r  advan tages  o f  u sing  the  w ider d iam eter  
column f o r  any s e p a r a t io n  in  which volume o v e r lo a d  i s  l i k e l y  to  be a 
problem . A t y p i c a l  example i s  in  a p p l i c a t i o n s  o f  low s o l u t e  s o l u b i l i t y  
and hence high sample volum e.
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19a) E ffec t o f length
19b) E f f e c t  o f  d iam eter
A
Column p a c k in g : S p h e r iso rb  S5W 
Column I . D . : 8.1mm
Sample l o a d :  5000yg
x = 50cm (Column P I)  
e = 25cm (Column P3)
Column p a ck in g : LP1 s i l i c a  
Column le n g t h :  50cm
Sample lo a d :  lOOOyg
x = 1 0 . 9mm I .D .  (Column P4) 
© = 8.1mm I .D .  (Column P2)
F ig u re  1 9 . E f f e c t  o f  column geom etry -  p l o t s  o f  r e s o l u t i o n  a g a in s t  
i n j e c t i o n  volume
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The r e s u l t s  o f  th e  volume o v e r lo a d  s t u d i e s  i n d i c a t e  
t h a t  th e  maximum i n j e c t i o n  volume (V ^) th a t  can be p la c e d  on a column 
w ith o u t  im p a ir in g  r e s o l u t i o n  w i l l  in c r e a s e  w ith  in c r e a s i n g  column g e o ­
m etry (column dead volume) and k ‘ v a l u e ,  a lth ough  d e c re a se  as N i n c r e a s e s .  
These r e s u l t s  do n ot e n t i r e l y  a gree  w ith  th e  t h e o r e t i c a l  p r e d i c t io n s  
o f  S c o t t  and Kucera (E qu a tio n  4 . 2 ,  S e c t io n  4 . 1 . 3 ) .  The e f f e c t  o f  the  
column geom etry and k ‘ v a lu e  on was as p re d ic te d  by Equation 4 . 2 .  
However, th e  e f f e c t  o f  in c r e a s in g  the  column e f f i c i e n c y  was th e  r e v e r s e  
o f  the  r e s u l t  p r e d ic te d  by t h i s  e q u a t io n .  T h u s , i t  appears th e r e  are  
l i m i t a t i o n s  in  u sin g  a t h e o r e t i c a l  approach to  d eterm ine V^.. The data  
from the c u r r e n t  s t u d i e s  however should  be ex tre m e ly  u s e fu l  f o r  s e l e c t i n g  
th e  most s u i t a b l e  i n j e c t i o n  volume when using  the S p h e r iso rb  S5W and LP1 
s i l i c a  colum ns.
4 . 2 . 2  Mass o v e r lo a d
4 . 2 . 2 . a S e l e c t i o n  o f  param eters to  measure p r e p a r a t iv e  e f f i c i e n c y
An i n i t i a l  mass o v e r lo a d  stu d y  was c a r r ie d  o u t on 
column PI to  d eterm in e th e  m ost s u i t a b l e  param eters f o r  measuring  
p r e p a r a t iv e  e f f i c i e n c y .  The e f f e c t  o f  sample lo a d  on th e  c a p a c i t y  
f a c t o r  ( k ‘ ), th r o u g h p u t ,  tim e y i e l d  f a c t o r ,  r e s o l u t i o n  (Rs ) and column 
e f f i c i e n c y  (N o . 5 and N0. i )  was c o n s id e r e d .  The column e f f i c i e n c y  was 
measured f o r  both th e  0-  and m - n i t r o a n i l i n e  is o m e r s .  The r e s u l t s  are  
summarised in  F ig u re s  20a and 20 b .
As th e  sample lo a d  was in c r e a s e d ,  th e r e  was a very  
sharp  drop in  both th e  column e f f i c i e n c y  and r e s o l u t i o n ,  even a t  v ery  low  
sample lo a d s .  There was a l s o  a gradual drop in  the  k' v a lu e .  A 10% drop  
in  the  k 1 v a lu e  (column l i n e a r  c a p a c i t y  0o . i )  o ccurred  a t  a lo a d  o f
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20a) Effect o f mass overload on resolution (a), throughput (o)» time 
y ie ld  facto r (x) ,  and capacity factor (•)
L o a d  ( y g )
20b) Effect of mass overload on plate e ffic iency (x = N0t59 o = N0. i )
Figure 20. Effect o f mass overload on preparative e ffic iency 
(Column: 50cm x 8.1mm I.D. Spherisorb S5W (No.PI))
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ap p ro x im a te ly  lOOOyg. T h is  lo a d  co rresp o n d s  t o  <100yg /gram  o f  a d so rb e n t  
and i t  i s  c o n s id e r a b ly  low er than th e  v a lu e  o f  lOOOyg/gram r e p o rte d  by 
Snyder and K irk la n d 1 8 .
The e f f i c i e n c y  (N0. 5 and N o . i ) ° f  both isom ers dropped  
by o v e r  85% and th e  r e s o l u t i o n  dropped by 70% a t  a lo a d  c o rresp o n d in g  to  
© o . i *  These r e s u l t s  a re  a t  v a r ia n c e  w ith  th e  f in d i n g s  o f  Snyder5 3 ,  
a lth o u g h ,  as re p o rted  in  S e c t io n  4 . 1 . 2 , Done51 and Gray54 a l s o  found t h a t  
e f f i c i e n c y  f a l l s  even a t  v ery  low sample lo a d s .
As e x p e c te d ,  both  throughput and the  tim e y i e l d  f a c t o r  
in c r e a se d  as th e  lo a d  was i n c r e a s e d .  The throughput param eter was 
c o n sid e re d  t o  be o f  l i m i t e d  v a lu e  as i t  does n ot take in t o  accou n t the  
s e p a r a t io n  e f f i c i e n c y .  The tim e y i e l d  f a c t o r  however, combines both  
r e s o lu t i o n  and th roughput and appears t o  be a u s e fu l  param eter f o r  
measuring p r e p a r a t iv e  e f f i c i e n c y .
From th e  above d ata  i t  was c o n sid e re d  t h a t  r e s o lu t i o n  
and the  tim e y i e l d  f a c t o r  were th e  m ost in fo r m a tiv e  param eters f o r  
measuring p r e p a r a t iv e  e f f i c i e n c y  a nd , t h e r e f o r e ,  a l l  subsequent r e s u l t s  
are e x p re sse d  in  terms o f  th e s e  p a ra m e te rs .
4 * 2 . 2 . b C a p a c ity  f a c t o r  ( k 1)
The e f f e c t  o f  mass o v e r lo a d  was examined a t  th re e  
d i f f e r e n t  k l v a lu e s  on both S p h e r iso r b  S5W and LP1 s e m i -p r e p a r a t iv e  
colum ns. As p r e d ic te d  by th e  r e s o l u t i o n  e q u a t io n ,  th e re  was an in c r e a s e  
in  r e s o lu t i o n  as th e  k 1 v a lu e  i n c r e a s e s .  The r e s u l t s  are  shown in  
F ig u re s2 1 a  and 2 1 b .  The S p h e r iso r b  S5W column appears t o  behave u n iq u e ly  
alth ough  the  r e l a t i v e l y  high r e s o l u t i o n  v a lu e  o bserved  a t  k' = 0.6  i s  
p ro ba b ly  due to  th e  u t i l i z a t i o n  o f  s m a l le r  i n j e c t i o n  volumes (T a b le  6 ,
R e s o lu t io n
2 1 a )  S p h e riso rb  S5W (Column N o .P I)  21b) LP1 s i l i c a  (Column N o.P 2)
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Time y i e l d  f a c t o r
2 1 c )  S p h e riso rb  S5W (Column N o .P I )  21 d) LP1 s i l i c a  (Column No.P2)
F ig u re  2 1 . P lo t s  o f  r e s o l u t i o n  and tim e y i e l d  f a c t o r  a g a in s t  sample load  
a t  d i f f e r e n t  k 1 v a lu e s
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I f  one c o n s id e r s  th e  s lo p e  o f  th e  r e s o l u t i o n  -  sample  
lo a d  p l o t s  a t  low sample lo a d s  ( < 1000ug) i t  i s  c l e a r  t h a t  the  r a te  o f  
d e c re a se  in  r e s o l u t i o n  w ith  in c r e a s in g  lo a d  i s  h ig h e r  as th e  k* v a lu e  
in c r e a s e s  f o r  both LP1 s i l i c a  and S p h e riso rb  S5W colum ns. However, a t  
h ig h e r  sample lo a d s  (5 0 0 0 y g )  the  s lo p e s  are  low er a t  th e  h ig h e r  k' 
v a l u e s .  T hus, th e  r e s u l t s  a t  low sample lo a d s  s u g g e s t  t h a t  th e se  columns 
w i l l  have a low er sample c a p a c i t y  as th e  k 1 v a lu e s  i n c r e a s e s .  The r e s u l t s  
a t  th e  h ig h e r  sample lo a d s  s u g g e s t  th e  re v e r s e  to  be t r u e .  This  p robab ly  
e x p la in s  why th e re  i s  much d isa greem en t in  the  l i t e r a t u r e  (S e c t io n  4 . 1 . 3 )  
o v e r  the optimum k ‘ v a lu e s  f o r  p r e p a r a t iv e  s e p a r a t io n s .
I f  the  r e s u l t s  are  c o n sid e re d  in  terms o f  the  time
y i e l d  f a c t o r  (F ig u r e  2 1 c )  on th e  S p h e r is o rb  S5W column i t  appears low k'
v a lu e s  are  a d v a n tag eo u s . S im i l a r  r e s u l t s  were o b ta in e d  on th e  LP1
column (F ig u re  2 1 d) a lth ou gh  th e  TYF o b ta in e d  a t  k ‘ = 0 . 7  was s l i g h t l y  
low er than th e  v a lu e s  o b ta in e d  a t  k ‘ = 2 . 0 .
For optimum s e m i -p r e p a r a t iv e  p erfo rm an ce , i t  i s  b e t t e r  
to  aim f o r  low k 1 v a lu e s  provid ed  t h a t  th e  r e s o l u t i o n  i s  adequate to  
e f f e c t  th e  s e p a r a t io n  and t h a t  th e r e  i s  no problem w ith  volume o v e r lo a d .
An a d d it io n a l  advantage o f  u sin g  low k' v a lu e s  i s  th e  low er volume o f  
s o lv e n t  u t i l i z e d
4 * 2 . 2 . c Column geometry
I n c r e a s e  in  column d iam eter  improved the  r e s o lu t i o n  and 
TYF a t  a l l  sample lo a d s  (F ig u r e s  22a and 2 2 c ) .  A d e c re a se  in  the column 
le n g th  in c r e a s e s  th e  TYF a lth o u g h  th e re  i s  a co rrespo n din g  d e cre a se  in  
column r e s o l u t i o n  (F ig u r e s  22b and 22d ) .  These r e s u l t s  i n d i c a t e  th a t
Section 2 .5 ).
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22a) E f f e c t  o f  in t e r n a l  d ia m eter  22b) E f f e c t  o f  le n g th
Resolution
Time y i e l d  f a c t o r
2 2 c )  E f f e c t  o f  in te r n a l  d ia m e te r  22d) E f f e c t  o f  len g th
F ig u re  2 2 . The e f f e c t  o f  column geom etry -  p l o t s  o f  r e s o l u t i o n  and tim e  
y i e l d  f a c t o r  a g a i n s t  sample lo a d
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f o r  r e l a t i v e l y  e a sy  p r e p a r a t iv e  s e p a r a t io n  th e  h ig h e s t  p r e p a r a t iv e  
e f f i c i e n c y  w i l l  be o b ta in e d  i f  s h o r t  columns w ith  a wide d iam eter  are  
u sed . However, lo n g e r  columns are  o f t e n  re q u ire d  t o  o b t a in  adequate  
r e s o l u t i o n  and th e r e  may be d i f f i c u l t i e s  packing w id er  d iam eter  columns  
with high performance m a t e r i a l s  ( r e f e r e n c e  S e c t io n  3 . 2 . 6 ) .  For many 
HPLC s y s te m s ,  th e r e  may a l s o  be a l i m i t a t i o n  on th e  maximum f lo w  r a t e  
a v a i l a b l e  and t h i s  would reduce th e  advantage o f  th e  w id er  d iam eter  
columns in  terms o f  th e  TYF.
In p r a c t i c e ,  th e  use o f  50cm le n g th  co lu m ns, with  
e i t h e r  8 .1  o r  10.9mm I . D . ,  w i l l  p ro b a b ly  p rovid e  a u s e fu l  compromise  
between th e  tim e y i e l d  f a c t o r  and r e s o l u t i o n .
4 . 2 . 2 . d  E f f e c t  o f  p a r t i c l e  s i z e
The e f f e c t  o f  p a r t i c l e  s i z e  was examined u sing  s e m i-  
p r e p a r a t iv e  columns packed w ith  5ym S p h e r iso rb  S5W and 10ym S p h e riso rb  
S10W, and w ith  a n a l y t i c a l  columns packed w ith  5 ,  10 and 20ym P a r t i s i l .  
The performance o f  th e  above m a t e r i a l s  was a l s o  compared t o  th e  low c o s t  
LP1 s i l i c a  (ra20ym).
The e f f e c t  o f  mass o v e r lo a d  on the  s e m i -p r e p a r a t iv e  
columns packed w ith  S p h e r is o rb  S5W and S10W i s  shown in  F ig u res  23a and 
2 3 c .  The r e s u l t s  o b ta in e d  on th e  s e m i -p r e p a r a t iv e  LP1 s i l i c a  column 
are  a l s o  in c lu d e d  in  t h i s  s e t  o f  g r a p h s ,  a lth ough  the  d ata  was not  
c o n s id e re d  in  the  p a r t i c l e  s i z e  com parisons as th e  LP1 s i l i c a  i s  o f  a 
d i f f e r e n t  typ e  to  t h a t  o f  th e  S p h e r is o rb  m a t e r i a l s .  The e f f e c t  o f  mass 
o v e r lo a d  on the a n a l y t i c a l  columns packed w ith  P a r t i s i l  5 ,  10 and 20 
i s  shown in  F ig u re s  23b and 2 3 d .
The r e s u l t s  on both the  a n a l y t i c a l  and s e m i -p r e p a r a t iv e
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23a) Semi-preparative columns 23b) A n a l y t i c a l  columns 
20'
© = P a r t i s i l  5 (Column N0 .P6 ) 
x = P a r t i s i l  10 (Column No.P7)  
A = P a r t i s i l  20 (Column N0 .P 8 )
Sample lo a d  ( y g ) 1000
Time y i e l d  f a c t o r
2 3 c)  S e m i-p r e p a r a t iv e  columns 23d) A n a l y t i c a l  columns
F igure  2 3 . The e f f e c t  o f  p a r t i c l e  s i z e  -  p l o t s  o f  r e s o l u t i o n  and tim e
y i e l d  f a c t o r  a g a i n s t  sample lo a d
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columns i n d ic a t e  t h a t  a t  a l l  sample lo a d s  s t u d i e d ,  th e  columns packed  
w ith  the  s m a l le r  p a r t i c l e s  have th e  h ig h e r  r e s o l u t i o n  and TYF. The 
advantage o f  s m a l le r  p a r t i c l e s  became l e s s  s i g n i f i c a n t  as  the  lo a d  
in c r e a s e d .
Column p re ssu re  drop was n ot a r e s t r i c t i o n  in  the  
p r e se n t  s tu d y . However, i f  high f lo w  r a t e s  are  u t i l i z e d  t o  in c r e a s e  the  
TYF, column p re ssu re  may become a l i m i t i n g  f a c t o r .  In such a c a s e ,  th e re  
may be an argument f o r  u sing  a l a r g e r  p a r t i c l e  s i z e  m a te r ia l  p a r t i c u l a r l y  
a t  high sample lo a d s .
The perform ance o f  th e  i r r e g u l a r  LP1 s i l i c a  (^20ym) 
m a te r ia l  i s  an anomaly. The column packed w ith  t h i s  m a te r ia l  had 
c o n s id e r a b ly  s u p e r io r  perform ance to  th o s e  packed w ith  th e  5 and 10ym 
s p h e r ic a l  p a r t i c l e s  a t  a l l  lo a d s  > 2 5 0 y g .  The m an u factu rers  in d ic a t e d  
t h a t  both m a t e r ia ls  had s i m i l a r  s u r fa c e  area and pore s i z e  m easurements.
The o n ly  obvious d i f f e r e n c e  in  th e  m a t e r i a l s  i s  th e  p a r t i c l e  shape. These  
r e s u l t s  s u g g e st  t h a t  p a r t i c l e  s i z e  i s  n ot th e  m ost im p ortant f e a t u r e  o f  
a column packing m a te r ia l  f o r  p r e p a r a t iv e  chromatography.
4 . 2 . 2 . e  The e f f e c t  o f  sample lo a d  on c h e m ic a l ly  bonded s i l i c a
m a t e r ia ls
The e f f e c t  o f  sample lo a d  on high perform ance p o la r
bonded m a t e r ia ls  and a low er perform ance n o n -p o la r  a lk y l -b o n d e d  m a te r ia l
was examined. The r e s u l t s  were compared w ith  s i m i l a r  data  o b ta in e d  from  
th e  co rresp o n d in g  unbonded s i l i c a  m a t e r i a l s .
In a l l  th e  s t u d i e s  c a r r ie d  o u t ,  th e  s tr e n g t h  o f  the
e l u t i n g  s o lv e n t  was a d ju s t e d  so  t h a t  th e  n i t r o a n i l i n e  isom ers  were e lu t e d
w ith  a p p ro x im a te ly  the same k 1 v a l u e .  The c h e m ic a l ly  bonded m a t e r ia ls  
showed marked d i f f e r e n c e s  in  t h e i r  s e l e c t i v i t y  and r e t e n t i o n  c h a r a c t e r i s t i c s
compared to  th o s e  o f  th e  unbonded s i l i c a .  The e l u t i n g  s o lv e n t s  and 
th e  k ‘ and s e l e c t i v i t y  v a lu e s  o b ta in e d  f o r  th e  f i v e  columns a re  shown 
in  T ab le  2 0 .  As e x p e c t e d ,  th e re  i s  a change in  th e  e l u t i o n  o rd er  o f  th e  
two isom ers on the r e v e r s e  phase column.
T ab le  2 0 .  The s e l e c t i v i t y  and k* v a lu e s  o f  o -  and m - n i t r o a n i l i n e s
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Packing
M a te r ia l S o lv e n t *
k* v a lu e
a
o - n i t r o a n i l i n e m - n i t r o a n i l i n e
I S p h e riso rb  S5W S2 1 .0 1 .8 1 .8
S p h e riso rb  S5CN S3 1 . 3 2.6 2.0
S p h e r iso rb  S5NH S3 0 . 9 1 .0 4 1 .1 6
LP1 s i l i c a S2 0 . 9 2.0 2.2
LP1 ODS S6 1 . 9 1 .2 1 .6
*  R eferen ce  S e c t io n  2 . 5
The e f f e c t  o f  sample lo a d  on th e  S p h e r iso rb  S5CN and 
S5NH columns was v e ry  s i m i l a r  t o  th e  e f f e c t  on unbonded S p h e riso rb  S5W 
(F ig u r e s  24a and 2 4 c ) .  The r e s o l u t i o n  and TYF o b ta in e d  w ith  the  
S p h e r iso rb  S5CN column were s l i g h t l y  h ig h e r  than f o r  th e  S p h e riso rb  S5W 
column. The v a lu e s  o b ta in e d  on th e  S p h e r is o rb  S5NH column were s l i g h t l y  
lo w e r .  T h is  i s  a r e f l e c t i o n  on th e  d i f f e r e n c e s  in  s e l e c t i v i t y  o f  th e  
t h r e e  m a t e r ia ls  ( r e f e r e n c e  T a b le  2 0 ) .  The LP1 ODS and LP1 s i l i c a  columns 
a l s o  had s i m i l a r  TYF v a lu e s  o v e r  th e  mass range s tu d ie d  (F ig u re  2 4 d ) .  The 
LP1 s i l i c a  column had a h ig h e r  TYF a t  the low er sample l o a d s ,  whereas the  
LP1 ODS column had the  h ig h e r  v a lu e s  a t  th e  maximum lo a d  s t u d i e d .  T his  
i s  due to  the  sh arp er  drop in  r e s o l u t i o n  (F ig u re  24b) o f  th e  LP1 s i l i c a  
column compared t o  t h a t  o f  th e  LP1 ODS. The r e s u l t  s u g g e s ts  t h a t  the  
r e v e r s e  phase LP1 ODS m a te r ia l  w i l l  have b e t t e r  perform ance a t  sample  
lo a d s  > 5 0 0 0 y g .
- 99 -
Resolution
24a) Comparison o f  p o la r  bonded m a t e r ia ls  w ith  S p h e r iso rb  S5W
Sample lo a d  (y g ) 5000
Comparison o f  LP1 ODS 
'w i t h  LP1 s i l i c a
x = LP1 s i l i c a  (Column No.P2  
e = LP1 ODS (Column N o.P IT)
Sample load  (y g )
Time y i e l d  f a c t o r
24c) Comparison o f  p o la r  bonded 
'  m a t e r ia ls  w ith  S p h e riso rb  S5W
^ C o m p a r i s o n  o f  LP1 ODS 
7with  LP1 s i l i c a
Sample lo a d  (y g ) Sample lo a d  (y g ) 5000
F ig u re  2 4 . The e f f e c t  o f  sample lo a d  on s i l i c a  and c h e m ic a l ly  bonded
s i l i c a  m a t e r i a l s .
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Volume o v e r lo a d
i )  The i n j e c t i o n  volume has a v ery  s i g n i f i c a n t  in f lu e n c e
on column r e s o l u t i o n  a t  low sample lo a d s .  On i n j e c t i n g  <1000yg o f  each  
i so m e r ,  b e t t e r  r e s o l u t i o n  i s  o b ta in e d  by i n j e c t i n g  sm all volumes o f  
co n ce n tra te d  s o l u t i o n s .  However, a t  lo a d s  o f  5000yg th e  r e s o l u t i o n  i s  
v i r t u a l l y  u n a f fe c te d  by i n j e c t i o n  volumes up t o  5 0 0 0 y l .
i i )  The l o s s  o f  r e s o l u t i o n  due to  volume o v e r lo a d  d e c r e a se s
as the  k' v a lu e  i n c r e a s e s .
i i i )  As e x p e c te d ,  th e  l o s s  o f  r e s o l u t i o n  due to  volume
o v e r lo a d  d e c r e a se s  as the  column le n g th  o r  d ia m eter  i n c r e a s e s .
i v )  The h ig h e r  perform ance S p h e riso rb  S5W column i s  more
s e r i o u s l y  a f f e c t e d  by volume o v e r lo a d  than the  LP1 s i l i c a  column.
Mass o v e r lo a d
i )  L o sse s  in  column performance o ccu r  a t  e x tre m e ly  low
sample l o a d s .  R e s o lu t io n  and time y i e l d  f a c t o r  (TYF) are  th e  most  
s u i t a b l e  param eters f o r  m easuring p r e p a r a t iv e  e f f i c i e n c y .
i i )  The h ig h e s t  TYF i s  o b ta in e d  a t  low k 1 v a lu e s  a lth ough
low er r e s o l u t i o n  i s  o b ta in e d  as th e  k' v a lu e  d e c r e a s e s .
i i i )  The r e s o l u t i o n  and TYF in c r e a s e  w ith  in c r e a s in g  column
d ia m e te r .  An in c r e a s e  in  th e  column le n g th  im proves th e  r e s o l u t i o n ,
alth ou gh  d e c r e a s e s  th e  TYF.
4.2.3 Conclusions
- 101 -
and P a r t i s i l  columns show t h a t  the  r e s o l u t i o n  and TYF in c r e a s e s  as th e  
p a r t i c l e  s i z e  d e c r e a s e s .  The advantage o f  small p a r t i c l e s  d im in ish e s  
as th e  sample lo a d  i n c r e a s e s .  The performance o f  the  i r r e g u l a r  LP1 
s i l i c a  (ra20ym) i s  an anomaly. A t  a l l  lo a d s  >250yg t h i s  m a te r ia l  had 
c o n s id e r a b ly  s u p e r io r  perform ances t o  th o s e  packed w ith  the  5 and 10ym 
s p h e r ic a l  m a t e r i a l s .  T h is  d is c r e p a n c y  does not appear t o  be r e la t e d  to  
th e  s u r fa c e  area  o f  the  s i l i c a ,  a lth ou gh  t h i s  r e s u l t  s u g g e s ts  t h a t  
p a r t i c l e  s i z e  i s  n o t  the  m ost im p ortan t fe a t u r e  o f  a column packing  
m a te r ia l  f o r  s e m i -p r e p a r a t i v e  chrom atography.
v) The c h e m ic a l ly  bonded s i l i c a  columns g iv e  very  s i m i l a r
TYF t o  th e  co rresp o n d in g  s i l i c a  m a t e r i a l s  a t  a l l  sample lo a d s  examined.  
However, the  c h e m ic a l ly  bonded m a t e r i a l s  showed marked d i f f e r e n c e s  in  
t h e i r  s e l e c t i v i t y  and r e t e n t io n  c h a r a c t e r i s t i c s  compared t o  th o se  o f  th e  
unbonded s i l i c a .  The use o f  c h e m ic a l ly  bonded s e m i -p r e p a r a t iv e  columns  
cou ld  be a c o n v e n ie n t  means o f  o p t im is in g  column r e s o l u t i o n ,  a lth ough  
th e  high c o s t  o f  th e s e  m a t e r ia ls  may l i m i t  t h e i r  use  to  the  more 
d i f f i c u l t  s e p a r a t io n s .
v i )  Although th e  TYF in c r e a se d  w ith  in c r e a s in g  sample lo a d
th e  r e s o l u t i o n  showed th e  e x p e cte d  d e c r e a s e .  High sample lo a d s  s h o u ld ,  
t h e r e f o r e ,  be used p rovid ed  th e  r e s o l u t i o n  i s  n ot reduced to  an 
u n a cc e p ta b le  l e v e l .
iv )  The loading studies carried out on the Spherisorb
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SECTION 5
A P P L IC A T IO N S  OF S E M I-P R E P A R A T IV E  HPLC
SECTION 5
5 .1  P r a c t i c a l  c o n s id e r a t io n s
In a d d it io n  to  th e  parameters d is c u s s e d  in  S e c t io n s  
3 and 4 , a la r g e  number o f  e x p erim en ta l f a c t o r s  sh ou ld  a l s o  be 
c o n sid e re d  when c a r r y in g  o u t  s e m i -p r e p a r a t iv e  chrom atography. A summary 
o f  the most im p o rta n t f a c t o r s  i s  o u t l in e d  below .
5 . 1 . 1  Equipment
S e v e ra l a uth ors  have reviewed the  equipment a v a i l a b l e  
f o r  s e m i -p r e p a r a t i v e  chrom atography1 7 * 1 8 ’ 5 5 . In g e n e r a l ,  pumps w ith  
f lo w  r a t e s  up to  3 0 m l /m i n . ,  i n j e c t i o n  v a lv e s  with  la r g e  sample lo o p s  
( e . g .  5 0 0 0 y l ) and d e t e c t o r s  w ith  low s e n s i t i v i t y  ( r e f e r e n c e  S e c t io n  1 .1 )  
are  s u i t a b l e  f o r  s e m i -p r e p a r a t i v e  s e p a r a t i o n s .
When la r g e  numbers o f  r e p e t i t i v e  s e p a r a t io n s  are being  
c a r r ie d  o u t ,  p r o d u c t iv i t y  can be in c r e a s e d  by th e  use o f  an autosam pler  
and a f r a c t i o n  c o l l e c t o r .  F u l l y  automated system s are co m m ercia lly  
a v a i l a b l e  a lth ough  th ey  are  e x tre m e ly  e x p e n s iv e .  I f  such equipment i s  
n o t  a v a i l a b l e ,  an a l t e r n a t i v e  way o f  improving p r o d u c t i v i t y  would be by 
the use o f  o v e r la p p in g  i n j e c t i o n s .  T h is  in v o lv e s  making the n ex t  
i n j e c t i o n  b e fo r e  the  components o f  th e  p re viou s  i n j e c t i o n  have c le a r e d  
the column.
The p r o d u c t i v i t y  o f  a system  may a l s o  be in c r e a se d  
by the use o f  column s w itc h in g  and r e c y c le  te c h n iq u e s .  Column sw itc h in g  
can reduce th e  s e p a r a t io n  t im e 17 w h i l s t  r e c y c l i n g 8 can be a c o n v e n ie n t
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way o f  in c r e a s in g  the  number o f  t h e o r e t i c a l  p la t e s  a v a i l a b l e  f o r  a 
s e p a r a t io n .  However, f o r  s e p a r a t io n s  r e q u ir in g  high perform ance colum ns,  
the e f f e c t i v e  u t i l i z a t i o n  o f  t h e s e  te c h n iq u e s 8 would in v o lv e  the  use  
o f  two d e t e c t o r s  w ith  high p r e s s u r e  f lo w  c e l l s .
G ra d ien t e l u t i o n  may be u sefu l  f o r  c e r t a i n  s e p a r a t i o n s 18 
although t h i s  te c h n iq u e  i s  n o t  w id e ly  used in  s e m i -p r e p a r a t i v e  chroma­
tography owing to  th e  la r g e  volumes o f  s o lv e n t  and the  extended time  
p e rio d  re q u ire d  f o r  column r e - e q u i l i b r a t i o n .
Column ovens may be used to  o b ta in  h ig h e r  o p e r a t in g  
te m p e ra tu re s . H igh er tem p eratures  can be u se fu l  to  d e c re a se  the v i s c o s i t y  
o f  the e lu e n t  o r  in c r e a s e  th e  c o n c e n tr a t io n  o f  compounds having poor  
s o l u b i l i t y .
5 . 1 . 2  E lu t in g  s o l v e n t
I t  i s  im p o rta n t to  c o n s id e r  s o l v e n t  p r o p e r t ie s  o th e r  
than chrom atographic s tr e n g t h  and s e l e c t i v i t y  when o p t im is in g  the e lu e n t  
f o r  s e m i -p r e p a r a t i v e  s e p a r a t i o n s .  As w ith  a n a l y t i c a l  HPLC, the s o l v e n t  
must be co m p a tib le  w ith  th e  d e t e c t o r 8 and should  n ot a f f e c t  th e  s t a b i l i t y  
o f  the sam p le . The c o s t ,  t o x i c i t y  and f la m m a b i l i ty  o f  the  s o lv e n t  are  
more im p o rta n t than in  a n a l y t i c a l  HPLC as la r g e  volumes o f  s o lv e n t  are  
g e n e r a l l y  u sed .
As r e l a t i v e l y  lo n g  columns and high f lo w  r a te s  are  
f r e q u e n t ly  used f o r  s e m i -p r e p a r a t i v e  s e p a r a t i o n s ,  i t  i s  advantageous to  
use s o lv e n t s  w ith  low v i s c o s i t y  t o  m in im ise  column p re ssu re  drop. For 
con ven ien ce  o f  re c o v e ry  o f  i s o l a t e d  f r a c t i o n s ,  i t  i s  u s e fu l  i f  the  e lu e n t  
i s  r e l a t i v e l y  v o l a t i l e  ( e . g .  b . p .  4 0 - 9 0 ° C ) . As th e  p u r i f i e d  m a te r ia l  i s
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f r e q u e n t ly  rec o v e re d  from la r g e  s o l u t i o n  v o lu m e s , i t  i s  im p ortan t th a t  
s o lv e n t s  are h ig h ly  p u r i f i e d .
The s o l u b i l i t y  o f  th e  sample in  th e  e l u e n t  i s  o f te n  a 
p r a c t i c a l  l i m i t a t i o n  in  s e m i -p r e p a r a t i v e  chrom atography. The c h o ice  o f  
th e  s e p a r a t io n  mode (normal o r  r e v e r s e  phase chrom atography) i s  u s u a l ly  
dependent on sample s o l u b i l i t y  ( S e c t io n  5 . 2 ) .  Whenever p o s s i b l e ,  th e  
sample sh ou ld  be d i s s o lv e d  in  the  e l u e n t .  The maximum s o l u t i o n  
c o n c e n tr a t io n  sh ou ld  n ot be a c h ie v e d  by d i s s o l v i n g  th e  sample in  a 
s o l v e n t  w ith  g r e a t e r  e l u t i n g  s tr e n g t h  than the  e l u e n t ,  as t h i s  may cause  
lo s s  o f  peak r e s o l u t i o n .  In c e r t a i n  c a s e s ,  th e  sample may be d i s s o lv e d  
in  s o lv e n t s  with  weaker e l u t i n g  s tr e n g t h  but g r e a t e r  s o l u b i l i t y 1 8 .
When u sin g  UV d e t e c t i o n ,  d ic h lo r o m e th a n e , hexane and 
methanol are p robab ly  th e  m ost u s e f u l  c o m m ercia lly  a v a i l a b l e  HPLC 
s o lv e n t s  f o r  s e m i -p r e p a r a t iv e  chrom atography. D ichlorom ethane i s  a 
p a r t i c u l a r l y  u se fu l  s o l v e n t  because  i t  has e x c e l l e n t  chrom atographic  
p r o p e r t i e s ,  a low v i s c o s i t y  and b o i l i n g  p o in t ,a n d  i t  i s  a l s o  non-  
in flam m able  and r e l a t i v e l y  n o n - t o x i c .
5 . 1 . 3  Sample c le a n -u p
I t  i s  im p ortan t t o  avo id  co n ta m in a tio n  o r  b lo c k in g  o f  
s e m i -p r e p a r a t i v e  columns w ith  crude sa m p le s . When such samples are  
b eing  p u r i f i e d ,  a p re lim in a r y  sample c le a n -u p  p rocedure sh o u ld  be 
c o n s id e r e d .  A l t e r n a t i v e l y ,  th e  s e m i -p r e p a r a t i v e  column can be p r o te c t e d  
w ith  a guard column o r  p e r i o d i c a l l y  r e g e n e r a te d 7 2 . Sample p r e -tr e a tm e n t  
and the use o f  guard columns a re  th e  m ost e f f e c t i v e  approaches f o r  
han d lin g  crude sa m p le s .  They have been d is c u s s e d  in  d e t a i l  by se v e r a l  
a u th o r s 8 ’ 1 8 ’ 7 2 . Column c le a n in g  and r e g e n e r a t io n  can be tim e consuming
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and may r e q u ir e  r e l a t i v e l y  la r g e  volumes o f  e x p e n siv e  s o l v e n t s .  With  
low c o s t  packing m a t e r ia ls  ( e . g .  LP1 s i l i c a )  i t  i s  o f t e n  more c o s t -  
e f f e c t i v e  to  repack a contam inated  column.
When i s o l a t i n g  minor o r  t r a c e  com ponents, a p r e lim in a r y  
s e p a r a t i o n ,  in  which an e n r ich e d  sample o f  the  re q u ire d  component i s  
i s o l a t e d ,  can sa ve  c o n s id e r a b le  t im e . The en rich ed  sample may then be 
re-chrom atographed  f o r  f i n a l  p u r i f i c a t i o n .
5 . 1 . 4  Sample d e r i v a t i z a t i o n
Sample d e r i v a t i z a t i o n  p r io r  to  an HPLC s e p a r a t io n  can
be u s e f u l :
a ) to  improve the  d e t e c t o r  respon se  f o r  th e  compounds o f
i n t e r e s t
b) to  p r o t e c t  v ery  l a b i l e  compounds t h a t  might o th e rw ise
be d e s tr o y e d  during the chrom atography, and
c) to  improve the  d i f f e r e n t i a l  chrom atographic c h a r a c t e r ­
i s t i c s  o f  the  m o le cu le s  concern ed.
D e r iv a t iv e  fo rm a tio n  to  improve a compounds chrom ato­
g ra p h ic  c h a r a c t e r i s t i c s  can be p a r t i c u l a r l y  u s e fu l  in  p r e p a r a t iv e  HPLC, 
alth ough  i t  i s  e s s e n t i a l  f o r  th e  d e r i v a t i z a t i o n  r e a c t io n  t o  be r e v e r s i b l e .  
An im p o rta n t example i s  th e  s e p a r a t io n  o f  o p t i c a l  isom ers where the  
r e s o l u t i o n  may be ach ieved  by s e p a r a t io n  o f  d ia s te r e o m e r ic  d e r i v a t i v e s .
The v a r io u s  a s p e c ts  o f  sample d e r i v a t i z a t i o n  have been d is c u s s e d  in  
d e t a i l  by Snyder and K irk la n d 8 .
-  107 -
5 . 1 . 5  H eart c u t t in g  o f  peaks
I f  the  peaks o f  a m ix tu re  are n o t  co m p le te ly  r e s o l v e d ,  
pure m a te r ia l  can s t i l l  be o b ta in e d  by u sin g  a ‘ h e a r t  c u t t i n g 1 te c h n iq u e .  
This  tech n iq u e  in v o lv e s  c o l l e c t i n g  o n ly  the c e n tr e  p o r t io n  o f  a peak and 
d is c a r d in g  the le a d in g  and t a i l i n g  c u t s .  I t  i s  o f t e n  d e s i r a b l e  to  
c o l l e c t  s e v e r a l  sm all f r a c t i o n s  o f  the  ce n tre  p o r t io n  o f  the  peak p r i o r  
to  a n a l y s i s  by TLC or a n a l y t i c a l  HPLC. S u f f i c i e n t l y  pure f r a c t i o n s  can 
then be combined in t o  a f i n a l  p u r i f i e d  f r a c t i o n .  I f  n e c e s s a r y ,  th e  
le a d in g  and t a i l i n g  p o r t io n s  o f  the  peak can be rechromatographed to  
in c r e a s e  the re c o v e ry  o f  th e  d e s ir e d  component.
5 . 1 . 6  Sample re c o v e ry  and a n a ly s i s  o f  the  p u r i f i e d  m a te r ia l
I t  i s  g e n e r a l l y  d e s i r a b l e  to  i s o l a t e  the  p u r i f i e d  
m a te r ia l  f r e e  from the  e l u a t e .  Small volumes o f  s o l v e n t  can u s u a l ly  
be e v ap o ra ted  under a stream  o f  n itr o g e n  whereas la r g e r  volumes may be 
removed using  a r o ta r y  e v a p o r a to r .  I f  the e lu a t e  c o n ta in s  s i g n i f i c a n t  
amounts o f  w a t e r ,  i t  i s  o f t e n  c o n v e n ie n t  to  e x t r a c t  the  sample in t o  a 
w ater im m isc ib le  o r g a n ic  s o l v e n t  and f i n a l l y  ev a p o ra te  th e  e x t r a c t in g  
s o l v e n t .
I t  i s  u s e fu l  to  weigh a l l  f r a c t i o n s  c o l l e c t e d  to  
determ ine the y i e l d  o f  m a te r ia l  i s o l a t e d .  A m a te r ia l  b a la n c e  sh ou ld  be 
c a r r ie d  o u t  to  ensure a l l  th e  components are e lu t e d  from th e  column.
The p u r i t y  o f  the m a te r ia l  i s o l a t e d  may be determ ined by high e f f i c i e n c y  
HPLC, GC, or o th e r  a p p r o p r ia te  te c h n iq u e s 1 8 . Any unknown component can 
u s u a l ly  be i d e n t i f i e d  by s p e c t r o s c o p ic  a n a l y s i s .
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From a c o n s id e r a t io n  o f  the param eters d is c u s s e d  in  
th e  p ro ceed in g  s e c t i o n s ,  the  f o l l o w in g  s e p a r a t io n  s t r a t e g y  i s  recommended 
f o r  s e m i -p r e p a r a t iv e  chromatography.
5 . 2 . 1  S e l e c t i o n  o f  s e p a r a t io n  mode
The s o l u b i l i t y  o f  th e  sample in  w a ter  and o r g a n ic  
s o l v e n t s  sh ou ld  i n i t i a l l y  be examined. As a gen eral g u i d e ,  samples  
s o l u b l e  in  o r g a n ic  s o lv e n t s  are b e t t e r  se p a ra te d  by normal phase chromato­
g ra p h y , whereas samples s o l u b l e  in  w ater  may be s e p a r a te d  by r e v e r s e  phase  
chrom atography. When a sample i s  s o lu b l e  in  both w ater and o rg a n ic  
s o l v e n t s ,  i t  i s  u s u a l l y  p r e f e r a b l e  to  e f f e c t  the  s e p a r a t io n  by normal 
phase chrom atography. T h is  i s  because  i t  i s  g e n e r a l l y  e a s i e r  to  re c o v e r  
the  sample from o r g a n ic  s o l v e n t s .
5 . 2 . 2  Sample p re p a ra tio n
A p re lim in a ry  sample c le a n -u p  sh ou ld  be c a r r ie d  o u t  on 
crude sam ples whenever p o s s i b l e ,  a lth ough  small q u a n t i t i e s  o f  m a t e r ia ls  
may be removed using  a guard column. Sample d e r i v a t i z a t i o n  sh ou ld  be  
c o n s id e r e d  i f  the  m o le c u le s  t o  be se p a ra te d  have poor chrom atographic  
c h a r a c t e r i s t i c s .
5 . 2 . 3  Chromatography
5.2 Separation strategy
The d i f f i c u l t y  o f  the  s e p a r a t io n  and the w e ig h t ,  p u r i ty
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and v a lu e  o f  th e  m a te r ia l  re q u ir e d  d i c t a t e  th e  chrom atographic  c o n d it io n s  
s e l e c t e d .  The main c o n s i d e r a t io n s  a re  o u t l in e d  b elow .
Packing m a te r ia l  and e lu t i n g  s o lv e n t
To m in im ise  w astage  o f  sample and e l u t i n g  s o l v e n t ,  the  
r e s o lu t i o n  o f  th e  components o f  i n t e r e s t  sh ou ld  be o p t im is e d  on a n a l y t i c a l  
columns packed w ith  th e  same m a te r ia l  as t h a t  used f o r  th e  s e m i -p r e p a r a t iv e  
s e p a r a t io n .  I t  i s  o f t e n  co n v e n ie n t  t o  use TLC as an a id  in  f in d in g  the  
most a p p r o p r ia te  e l u t i n g  s o l v e n t ,  and in  h i g h l ig h t in g  th e  p resen ce  o f  
h ig h ly  r e t a in e d  i m p u r i t i e s .  Whenever p o s s i b l e ,  s e p a r a t io n s  should  be 
c a r r ie d  o u t on low c o s t  packing m a t e r i a l s .  Only the  m ost d i f f i c u l t  
s e p a r a t io n s  need t o  be c a r r ie d  o u t  on th e  e x p e n siv e  high performance 5ym 
m a t e r i a l s .
Column s i z e
Columns o f  50cm le n g th  and 8 .1  o r  10.9mm I .D .  should  
be s u i t a b l e  f o r  most s e m i -p r e p a r a t i v e  s e p a r a t i o n s .  A n a ly t ic a l  columns can 
n orm ally  be used to  s e p a r a te  microgram q u a n t i t i e s  o f  m a t e r i a l .
k* v a lu e
I f  f e a s i b l e ,  low k 1 v a lu e s  ( e . g .  0 . 5 - 2 . 5 )  sh ou ld  be used  
t o  maximise th e  tim e y i e l d  f a c t o r  and m inim ise  s o l v e n t  consum ption.
Flow r a t e
High f lo w  r a t e s  sh ou ld  be used whenever p o s s i b l e  to  
in c r e a s e  the tim e y i e l d  f a c t o r ,  a lth ou gh  i t  i s  a d v is a b le  t o  m a in tain  the
column p r e ssu r e  drop below 2500  psi  to  prolong the  column l i f e .
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When sample s o l u b i l i t y  p e r m it s ,  sm all i n j e c t i o n  volumes  
( < 1 0 0 0 y l )  sh ou ld  be used w ith  sample lo a d s  < 5 0 0 0 y g .  With sample lo a d s  
>5000yg i n j e c t i o n  volumes up to  5 000yl may be used w ith o u t  l o s s  o f  
r e s o l u t i o n .
Sample load
Whenever p o s s i b l e ,  high sample lo a d s  should  be used to  
i n c r e a s e  the tim e y i e l d  f a c t o r .  The tim e y i e l d  f a c t o r  o f  a s e p a r a t io n  can 
o f t e n  be in c r e a se d  by o v e r lo a d in g  a column ( e . g .  sample lo a d s  >lmg o f  
s o lu te /g r a m  o f  a d so rb e n t)  and i s o l a t i n g  pure m a te r ia l  u s in g  a h e a r t  
c u t t in g  approach. However, low sample lo a d s  sh ou ld  be used when d i f f i c u l t  
s e p a r a t io n s  are  c a r r ie d  o u t  on high performance 5ym packing m a t e r i a l s .
I t  i s  o f t e n  n e c e ss a r y  t o  r e p e a t  a s e p a r a t io n  u n t i l  th e  r e q u ire d  amount o f  
m a te r ia l  i s  i s o l a t e d .  The o v e r a l l  s e p a r a t io n  tim e can o f t e n  be m inim ised  
by making o v e r la p p in g  i n j e c t i o n s .
5 . 3  Examples o f  s e m i -p r e p a r a t iv e  s e p a r a t io n s
The a p p l i c a t i o n s  d is c u s s e d  in  S e c t io n s  5 . 3 . 1 - 5  i l l u s t r a t e  
th e  use o f  s e m i -p r e p a r a t iv e  HPLC in  th e  p h arm aceutical in d u s t r y .  The 
i n i t i a l  a p p l i c a t i o n  ( S e c t io n  5 . 3 . 1 ) ,  in v o lv in g  the  s e p a r a t io n  o f  a complex  
m ix tu re  o f  g eo m e tr ic  and o p t i c a l  is o m e r s ,  i s  d is c u s s e d  in  d e t a i l .  The 
a p p l i c a t i o n s  d e s c r ib e d  in  S e c t io n s  5 . 3 . 2 - 5  in v o lv e  l e s s  complex s e p a r a t io n s  
and are  d is c u s s e d  o n ly  in  o u t l i n e .
In jec tion  volume
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L eu k o tr ie n e s  A (L T A ) ,  D (LTD) and E (LTE) are  members o f  
a s e r i e s  o f  7 ,  9 ,  1 1 ,  1 4 - e i c o s a t e t r a e n o i c  a c i d s 7 3 *7 4 . Recent e v id en c e  has  
shown t h a t  LTD i s  one o f  th e  b i o l o g i c a l l y  a c t i v e  components o f  the  human 
slow  r e a c t in g  su b sta n c e  o f  a n a p h y la x is  (S R S -A )7 4 . SRS-A i s  th ou ght t o  be 
the main m e d ia to r  in human asthma. To i n v e s t i g a t e  t h i s  s i t u a t i o n  f u r t h e r ,  
a s e r i e s  o f  pure LTD and th e  r e l a t e d  LTE isom ers were r e q u ir e d  f o r  
com p arative  pharmacology s t u d i e s .
LTD and LTE can r e a d i l y  be prepared from the methyl e s t e r  
o f  LTA ( l b ) 7 3 . T his  l a t t e r  compound was s y n th e s is e d  by two ro u te s  u sin g  
e i t h e r  a 9 carbon e p ox id e  (r o u t e  A) o r  an 11 carbon e p ox id e  (r o u te  B ) .
Both r e a c t io n s  y i e l d e d  a number o f  isom ers o f  l_b (T a b le  2 1 ) .  Four m ajor  
iso m ers ( l a - l d ) ,  fo u r  minor isom ers  ( l e - l h )  and an is o m e r ic  t e t r a e n e  
compound were se p a ra te d  u sin g  s e m i -p r e p a r a t iv e  HPLC. Each g e o m e tr ic  
isom er o f  LTA methyl e s t e r  e x i s t s  as a racem ic m ix tu r e .  In d iv id u a l  r e a c t i o n 74 
o f  lb  w ith  th e  N - t r i f l u o r o a c e t y l  methyl e s t e r  o f  e i t h e r  o p t i c a l l y  pure L-  
c y s t e i n y l  g ly c in e  o r  L -c y s t e i n e  g iv e s  p r o te c t e d  LTD ( 2 b i i )  and LTE ( 3 b i i )  
r e s p e c t i v e l y  and t h e i r  co rrespo n din g  isom er p a i r  (2 b i  and 3 b i ) .  A f u r t h e r  
s i x  isom ers o f  p r o te c t e d  LTD and LTE were s i m i l a r l y  formed by r e a c t io n  o f  
l a , 1c and ]_d (T a b le  2 2 ) .  These N - t r i f l u o r o a c e t y l  dim ethyl e s t e r  
d e r i v a t i v e s  were s y n t h e s is e d  f o r  e a se  o f  chrom atographic  s e p a r a t io n .  A f t e r  
ch rom atograph ic  p u r i f i c a t i o n ,  a l l  th e  d e r i v a t i s e d  m o le c u le s  were co n v e rte d  
t o  th e  co rresp o n d in g  u n p ro te cte d  m o le c u le s  f o r  com p arative  pharmacology  
s t u d i e s .
The s e p a r a t io n  o f  th e  g e om e tric  isom ers o f  LTA methyl e s t e r  
and the  o p t i c a l  isom ers o f  p r o te c t e d  LTD and LTE, u sin g  high performance  
s e m i -p r e p a r a t i v e  S p h e r iso rb  S5W and S5NH co lu m n s, i s  d e s c r ib e d  in  S e c t io n s  
5 . 3 . 1 a  and b r e s p e c t i v e l y .
5.3.1 Separation o f leukotriene isomers
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T a b le  2 1 .  Chromatographic c h a r a c t e r i s t i c s  o f  LTA methyl e s t e r  isom ers
Isomer
k ‘ v a lu e s^ Double bond 
S te r e o c h e m istr y
S p h e riso rb  S5W 
Column
S p h e riso rb  S5NH 
Column 7=8 9=10 11=12 14=15
la 3 . 0 4 . 3 tra n s c i s tra n s c i s
lb 3 . 3 4 . 7 tra n s tra n s c i s c i s
1 c 3 . 5 4 . 9 tra n s c i s c i s c i s
Id 3 . 8 5 . 3 tra n s tra n s tr a n s c i s
l e * 2.8 4 . 3
I f * 3 . 0 4 . 6
Ig * 3 . 8 4 . 7
Ih* 3 . 8 4 . 9
4 t 4 . 3 5 . 9 - - — —
*  I n s u f f i c i e n t  m a te r ia l  i s o l a t e d  to  determ ine s te r e o c h e m is t r y  
+ S tr u c t u r e  o f  4^  shown in  t e x t  
t  E lu e n t :  h e x a n e -e t h e r - t r ie t h y la m i n e  ( 9 5 : 5 : 0 . 5 )
T a b le  2 2 . Chromatographic c h a r a c t e r i s t i c s  o f  LTD and LTE isom er d e r i v a t i v e s
Iso m e r *t Isomer
C a p a city  f a c t o r s ,  k'
No. S5NH S5CN S5W
5R , 6S ,  9 - c i s ,  1 1 -tra n s -L T D 2ai 2 .5
5 S , 6R, 9 - c i s ,  1 1 -tra n s -L T D 2a i i 3 . 4
5R, 6S-LTD 2bi 2.8 1 .4 7 1 0 .5
LTD (n a tu r a l  5 S ,  6R) 2b i i 3 . 4 1 .5 7 1 0 .5
5R , 6S , 9 -c i s -L T D 2ci 2.6
5 S , 6R, 9 -c i s -L T D 2ci i 3 . 4
5R, 6S ,  1 1 -tra n s -L T D 2di 2.6
5 S ,  6R, 1 1 -tra n s -L T D 2d i i 3 . 0
( c o n t  )
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Table 22 (con t.)
I so m e r * f
Isom er
No.
C a p acity  f a c t o r s ,  k'
S5NH S5CN S5W
5R, 6S ,  9 - c i s ,  1 1 -tr a n s -L T E 3ai 3 . 8
5 S ,  6R, 9 - c i s ,  1 1 -tr a n s -L T E 3 a i i 4 . 3
5R, 6S-LTE 3bi 3 . 8 2.8 3 .1
LTE (n a tu r a l  5 S ,  6R) 3b i i 4 .1 2 . 9 3 .1
5R, 6S ,  9 -c i s - L T E 3c i 3 . 8
5 S , 6R, 9 -c i s -L T E 3 c i i 4 . 2
5R, 6S ,  1 1 -tr a n s -L T E 3di 3 . 4
5 S ,  6R, 1 1 -tr a n s -L T E 3 d i i 3 . 6
*  o rd e r  o f  e l u t i o n  o f  i s o m e r ic  p a i r s  assumed to  be a n alogou s to  th a t  
o f  LTD and 5R, 6S LTD
t  The s te r e o c h e m is t r y  o f  th e  7=8 ( t r a n s )  and 14=15 ( c i s )  double  bonds 
remains f i x e d
E lu e n t  (LTD) : d ich lorom eth ane-m ethan ol ( 9 9 , 5 : 0 . 5 )
(LTE) : h ex a n e-d ich loro m eth a n e-m eth a n o l ( 7 5 : 2 5 : 1 )
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methyl e s t e r
L it e r a t u r e  review
P reviou s w o rk ers75’ 77 have re p o rte d  th e  p resen ce  o f  
g e o m e tr ic  isom ers o f  Ib  ^ a s s o c i a t e d  w ith  th e  9 ,  1 0 -  and 1 1 ,  1 2 -  double  
bonds. As th e se  m o le cu le s  had s i m i l a r  Rp v a lu e s  in  a number o f  th in  
la y e r  chromatography s y s te m s 7 5 , or  were n ot c o n sid e re d  c h r o m a to g ra p h ic a lly  
s e p a r a b le 7 7 , no a ttem p t was made to  s e p a r a te  the  m o le c u le s  using  
p r e p a r a t iv e  chromatography te c h n iq u e s .
R e su lts  and d is c u s s io n
The r e a c t io n  m ix tu re  (r o u te  A) was i n i t i a l l y  examined 
u sin g  an a n a l y t i c a l  S p h e riso rb  S5W column. I t  was n e c e ssa r y  to  e l u t e  
the  m ixtu re  a t  a k' v a lu e  >3 in  o rd e r  to  s e p a r a te  the  m ajor components.
An optimum s e p a r a t io n  was a ch iev e d  u sin g  a h e x a n e -e th e r  e l u e n t .  T r i ­
e th y l  amine was also in c o rp o ra te d  in  th e  s o lv e n t  system  as ]b_ i s  u n s ta b le  
under a c i d i c  c o n d i t i o n s .  The use o f  methanol o r  s o lv e n t s  c o n ta in in g  a 
methanol s t a b i l i z e r  ( e . g .  d ich lo rom eth a n e) was a void ed  as JJb i s  a l s o  
u n s ta b le  in  m eth an ol. Although th e  crude r e a c t io n  m ix tu re s  (r o u te  A) were  
i n i t i a l l y  p u r i f i e d  on a g r a v i t y  fe e d  colum n, th ey  s t i l l  c o n ta in e d  o ve r  
ten components. Four main components i s o l a t e d  from th e  a n a l y t i c a l  column 
were shown by MS and UV a n a ly s i s  t o  be isom ers o f  Jb..
As th e  isom ers were o n ly  p a r t i a l l y  r e s o lv e d  (Rg < 0 .8 )  
under a n a l y t i c a l  c o n d i t i o n s ,  a high performance S p h e r iso rb  S5W column 
(50cm x 8.1mm I . D . ) ,  which had o v e r  5 0 ,0 0 0  t h e o r e t i c a l  p l a t e s  ( m - n i t r o -  
a n i l i n e  s t a n d a r d ) ,  was used f o r  th e  s e m i -p r e p a r a t iv e  s e p a r a t i o n .  T his  
column se p a r a te d  the fo u r  isom ers  w ith  Rs v a lu e s  > 1 .4 5  and a llo w ed  th e
a) Separation o f geometric isomers o f leukotriene A
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s e p a r a t io n  o f  up to  3mg o f  crude m a te r ia l  per i n j e c t i o n .  However, th e  
sample lo a d  was r e s t r i c t e d  to  l e s s  than Img i f  the  m ix tu re  co n ta in e d  
high l e v e l s  o f  Tb^  and [1c. as t h e s e  isom ers were the most d i f f i c u l t  to  
s e p a r a t e .  The samples were i n j e c t e d  in  up t o  lOOOyl o f  e l u t i n g  s o l v e n t .
The r e l a t i v e l y  sm all i n j e c t i o n  volumes were used b e c a u s e ,  as p r e d ic te d  
by th e  lo a d in g  s t u d i e s  ( S e c t io n  4 . 2 . 1 )  volume o v e r lo a d  e f f e c t s  were  
o bserved  with  i n j e c t i o n  volumes g r e a t e r  than lOOOyl. The s e p a r a t io n s  
were re p e a te d  u n t i l  m i l l ig r a m  q u a n t i t i e s  o f  th e  fo u r  isom ers were i s o l a t e d .  
The o v e r a l l  s e p a r a t io n  tim e was m inim ised by making o v e r la p p in g  i n j e c t i o n s .  
I f  th e  s e p a r a t in g  tim e had been reduced fu r t h e r  by th e  use o f  a h ig h e r  
e lu e n t  f lo w  r a te  an u n a c c e p ta b ly  high p re s su re  drop would have r e s u l t e d .
Isomers [ [a ,  lb  and Jd  appeared c h ro m a to g ra p h ic a lly  
pure on r e a n a l y s i s .  Isomer J_c showed a 7% im p u r i ty ,  i d e n t i f i e d  as th e  
t e t r a e n e  ( 4 ) .  As th e se  l a t t e r  two components are  c h r o m a to g ra p h ic a lly  
w e ll  r e s o l v e d ,  i t  was assumed t h a t  4  was formed as a rearrangem ent  
produ ct from J k .
2Me 
4
In samples o b ta in e d  from ro u te  B , a minor peak e lu t e d  
b e fo r e  isom er l_a on th e  s e m i -p r e p a r a t i v e  column. T h is  component was 
i s o l a t e d  and appeared by MS and UV a n a ly s i s  to  be a f i f t h  isom er ( l e )  o f  
LTA methyl e s t e r .
In c e r t a i n  s a m p le s ,  the  chrom atographic  peak a s s ig n e d  
as isom er J a  ( r o u t e  A and ro u te  B) was seen t o  have a s l i g h t  sh o u ld e r  on 
th e  t a i l  o f  the  peak. F u rth e r  a n a l y t i c a l  HPLC on an S5NH column o f  s e l e c t e d  
s e m i -p r e p a r a t iv e  f r a c t i o n s  o f  ]_a showed the  presen ce  o f  a f u r t h e r  component. 
S e m i-p r e p a r a t iv e  HPLC o f  th e s e  f r a c t i o n s  on an S5NH column ( 4 0 ,0 0 0
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t h e o r e t i c a l  p la t e s  f o r  a m - n i t r o a n i l i n e  sta n d a rd ) and su bseq u en t MS and 
UV a n a l y s i s  showed th e  presen ce  o f  a s i x t h  isom er ( I f ) .  Isomers lb  -  l e  
were a l s o  examined on a S p h e riso rb  S5NH column. No f u r t h e r  im p u r it ie s  
were o bserved  in  isom ers IJd, l £ ,  and although isom er J d  was found t o  
c o n ta in  two i m p u r i t i e s .  Isomer 1_d w a s , t h e r e f o r e ,  f u r t h e r  p u r i f i e d  on 
th e  s e m i -p r e p a r a t i v e  S5NH column. The two im p u r it ie s  were i s o l a t e d  and 
were shown by MS and UV a n a l y s i s  to  be fu r t h e r  isom ers ( I g  and Ih )  o f  
le u k o t r i e n e  A methyl e s t e r .
In summary, a t o t a l  o f  e i g h t  g e o m e tr ic  isom ers o f  
l e u k o t r i e n e  A methyl e s t e r  were i s o l a t e d  u sing  a com bination  o f  th e  sem i­
p r e p a r a t iv e  S p h e riso rb  S5W and S5NH columns. The p u r i f i c a t i o n  ro u te  used  
f o r  each isom er i s  shown in  F igure 2 5 .  A s e p a r a t io n  o f  isom ers  la_ -  l e  and 
4 on the S5W and S5NH columns i s  shown in  F igure  26a and 26b r e s p e c t i v e l y .  
The minor isom ers and lji are n ot  observed  under e i t h e r  o f  th e se  
c o n d i t i o n s  as th ey  c o e lu t e  with the  m ajor  is o m e r s .  To o b t a in  isom ers -  
JJi i t  was n e c e s s a r y  t o  i s o l a t e  th e  f r a c t i o n s  co rre sp o n d in g  to  l_a and ]d  on 
th e  S5W column and r e p r o c e ss  th e s e  f r a c t i o n s  on th e  S5NH column. A 
com parison o f  the s e p a r a t io n s  o f  the  m ajor isom ers Ja. and H  and minor  
isom ers V f ,  J_g and JJh on a s e m i -p r e p a r a t iv e  S5W and S5NH column i s  shown 
in  F ig u re  26c and 26d r e s p e c t i v e l y .
F ig u re  2 5 .  P u r i f i c a t i o n  ro u te  used f o r  isom ers la  -  Ih
Route A
S5W 
column
la
lb
1c
Id
Route B
S5W 
column
S5NH S5NH
column I f  column"
- >  7% o f  4
la
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Id
l e
S5NH .  ^  nu 
column l 9 ,  1h
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26 a )  50cm x 8.1mm I .D .  S p h e riso rb  S5W 26b) 50cm x 8.1mm I .D .  S p h e riso rb  S5NH
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2 6 c )  50cm x 8.1mm I .D .  S p h e riso rb  S5W 26d) 50cm x 8.1mm I .D .  S p h e riso rb  S5NH
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F igure  2 6 . S e p a ra tio n  o f  isom ers o f  LTA methyl e s t e r  Q b )  and t e t r a e n e  (4 )  
on S p h e riso rb  S5W and S5NH columns.
(Chromatography c o n d i t i o n s  as d e s c r ib e d  in  S e c t io n  2 . 6 )
The k ‘ v a lu e s  o f  La -  on the S5W and S5NH columns 
are  shown in  T a b le  2 1 .  A p p roxim ately  lOOmg o f  crude m a te r ia l  ( r o u te s  
A and B) were p u r i f i e d  in  l e s s  than 10 h ou rs . Over lOmg o f  isom ers Ta -  
1 c , 5mg o f  isom er Td and a p p ro x im a te ly  20yg o f  th e  m inor isom ers were  
i s o l a t e d .  The a verage  tim e y i e l d  f a c t o r  f o r  the  m ajor isom ers  was 
1 8 y g /m in . (T h is  v a lu e  i s  c o n s id e r a b ly  lower than the  maximum tim e y i e l d  
f a c t o r  o f  > 1000y g /m in .  o b serv ed  f o r  th e  n i t r o a n i l i n e  iso m ers  in  the  
sample lo a d in g  s t u d i e s  (S e c t io n  4 ) ) .  The low average  v a lu e  f o r  the  
l e u k o t r i e n e  isom ers was m ain ly  due to  th e  low Rg v a lu e  which s e v e r e l y  
r e s t r i c t e d  th e  sample lo a d .  The p u r i t y  o f  the  isom ers i s o l a t e d  was 
>99% w ith  th e  e x c e p t io n  o f  J_c, which co n ta in e d  th e  t e t r a e n e  ( 4 ) .  A l l  
e i g h t  isom ers were c h a r a c t e r i s e d  by MS and UV, a lth ough  o n ly  the  m ajor  
isom ers were a n a ly se d  by NMR. The f u l l  double bond s t e r e o c h e m is t r y  
f o r  isom ers  J_a -  J_d i s  shown in  T ab le  2 1 .
b ) S e p a ra tio n  o f  o p t i c a l  isom ers o f  d e r i v a t i s e d
le u k o t r ie n e s  D and E
L i t e r a t u r e  review
Both y Bondapak C-|877-79 and N u c le o s i l  C-j880 a n a l y t i c a l  
HPLC columns have been used t o  p u r i f y  microgramme q u a n t i t i e s  o f  LTD and 
to  check th e  c o - e l u t i o n  o f  samples from b i o l o g i c a l  and s y n t h e t i c  s o u r c e s .  
Compound 2 b i i  has a l s o  been chromatographed77 on a y Bondapak C-jg column. 
Minimum a t t e n t i o n  has y e t  been p aid  to  the  HPLC o f  LTE and 3 b i i  , 
alth ough  both compounds have been chromatographed81 u s in g  r e v e r s e  phase  
HPLC. The perform ance o f  th e se  l a t t e r  a n a l y t i c a l  columns o r  t h e i r  
s u i t a b i l i t y  f o r  s c a l i n g  up t o  s e m i -p r e p a r a t iv e  req u irem en ts  was n ot  
d is c u s s e d .
- 119 -
- 120 -
I t  was a n t i c i p a t e d  t h a t  the  p resence  o f  the  c a r b o x y l ic  
a c id  and ami no-group f u n c t i o n a l i t i e s  in  th e  p aren t e i c o s a t e t r a e n o i c  a c id s
would d im in ish  d i f f e r e n t i a l  chrom atographic c h a r a c t e r i s t i c s  o bserved
between the  o p t i c a l - i s o m e r  p a i r s .  Hence s e p a r a t io n s  were d evelop ed  on
the f u l l y  d e r i v a t i s e d  ( 2 a i  -  2 d i i  and 3ai -  3 d i i )  r a th e r  than u n d e riv a -
t i s e d  m o le c u le s .  The i n i t i a l  HPLC s e p a r a t io n  was develop ed  f o r  isom ers
2bi and the  n atu ra l 2 b i i . T h is  l a t t e r  isom er was th e  most im p ortan t and
the most r e a d i l y  a v a i l a b l e .  I t  was assumed t h a t  c o n d it io n s  s e l e c t e d  f o r
one o p t i c a l - i s o m e r  p a i r  c o u ld  be u t i l i z e d  f o r  the  s e p a r a t io n  o f  th e
remaining isom er p a i r s .  A s i m i l a r  approach was used f o r  i s o m e r ic  p a ir s
3ai -  3di i .
The s e p a r a t io n s  a c h iev e d  f o r  th e  fo u r  p a ir s  o f  o p t ic a l  
isom ers o f  each ty p e  are  shown in  T a b le  2 2 .  For 2bi and 2 b i i  th e
optimum s e p a r a t io n  was o b ta in e d  on a S p h e riso rb  S5NH column a lth ou gh  i t
was n e c e s s a r y  to  e l u t e  th e  isom ers a t  a k 1 >3 to  o b ta in  th e  d e s ir e d
r e s o l u t i o n .  When u sin g  a d ich lorom eth ane-m ethan ol e lu e n t  an Rg v a lu e  o f
1 . 2  was o b t a in e d .  No s e p a r a t io n  was o b serv ed  on a S p h e riso rb  S5W column u sing
the same so lv en t s y s t e m '  even though s u r p r i s i n g l y  long r e t e n t io n  tim es
were observed  (T a b le  2 2 ) .  P a r t i a l  s e p a r a t io n s  were o b ta in e d  on th e  l e s s
r e t e n t i v e  S p h e riso rb  S5CN (R$ = 0 . 9 5 )  and S50DS phases (Rs = 1 . 0 ) .
S i m i l a r  s e p a r a t io n s  were a ch ie v e d  f o r  th e  o p t i c a l  isom ers o b ta in e d  from
l a , l c  and U i. Although th e  o p t i c a l  i s o m e r -p a ir s  were w ell  r e s o l v e d ,  th e
g e o m e tr ic  isom ers ( 2ai -  2d i )  are  n ot c o m p le te ly  s e p a r a t e d ,  co n firm in g
th e  need t o  chromatograph J a  -  Id  a t  th e  p reviou s  s y n t h e t i c  s t a g e .
S i m i l a r  o b s e r v a t io n s  can be made f o r  the  a l t e r n a t i v e  g e o m e tr ic  isom ers
O p tic a l  isom ers 3bi and 3 b i i  were more d i f f i c u l t  to
Results and discussion
(2 a ii - 2 d ii) .
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se p a r a te  than th o se  in  the  c o rresp o n d in g  LTD-type s e r i e s .  Using a l e s s  
p o la r  e lu e n t  the optimum s e p a r a t io n  was aga in  a ch iev e d  u sin g  a 
S p h e riso rb  S5NH column. However, i t  was n e c e ssa ry  to  e l u t e  th e  isom ers  
a t  a k ‘ v a lu e  > 3 .5  to  o b ta in  an Rg v a lu e  > 0 . 8 5 .  The S p h e r is o rb  S50DS 
column se p a ra te d  3bi and 3 b i i  w ith  an Rg o f  0 . 8 ,  a lth o u g h  no s i g n i f i c a n t  
s e p a r a t io n  was o b ta in e d  on th e  S p h e r iso rb  S5W and S5CN colum ns. The 
r e d u ctio n  in  p o l a r i t y  and in c r e a s e  in  s i z e  o f  the  6- s u b s t i t u e n t  w ou ld ,  
t h e r e f o r e ,  seem to  be advantageous in  se p a r a t in g  th e  LTD isom ers  
compared with  th o se  o f  LTE.
The s e m i -p r e p a r a t i v e  s e p a r a t io n s  were c a r r ie d  o u t  on 
a 50cm x 8.1mm I .D .  S p h e riso rb  S5NH column with  o v e r  4 0 ,0 0 0  t h e o r e t i c a l  
p l a t e s .  Up to  3mg o f  a m ix tu re  o f  2bi and 2 b i i  d i s s o l v e d  in  lOOOyl o f  
e lu e n t  were se p a ra te d  per i n j e c t i o n .  T h is  r a te  o f  s e p a r a t io n  a llo w ed  the  
c o l l e c t i o n  o f  s e v e r a l  m il l ig r a m s  o f  2bi and 2b i i , a lth o u g h  l e s s  o f  th e  
o th e r  th r e e  isom er p a ir s  were c o l l e c t e d .  A chromatogram showing th e  
s e p a r a t io n  o f  2bi and 2 b i i  (Rg = 2 . 2 )  on the s e m i -p r e p a r a t i v e  S5NH column  
i s  shown in  F igure  2 7 a .
The s e m i -p r e p a r a t iv e  s e p a r a t io n  o f  th e  LTE-type isom ers  
w a s, as ex p e cte d  from th e  a n a l y t i c a l  work, more d i f f i c u l t  than th a t  f o r  
th e  co rresp o n d in g  LTD-type iso m e r s .  A chromatogram showing the  
s e p a r a t io n  o f  3bi and 3 b i i  (Rs = 1 .4 8 )  i s  shown in  F ig u re  2 7 b . Over a 
m illigram m e o f  3bi and 3 b i i  was c o l l e c t e d  but l e s s  o f  the  o t h e r  s i x  
is o m e r s .
The average  tim e y i e l d  f a c t o r s  f o r  th e  p r o te c t e d  LTD 
and LTE iso m ers  were 81 and 2 5 y g /m in . r e s p e c t i v e l y .  These tim e y i e l d  
f a c t o r s  are  h ig h e r  than the a verage  v a lu e s  o b ta in e d  f o r  th e  LTA methyl  
e s t e r s  because the  h ig h e r  Rs v a lu e s  p erm itted  a g r e a t e r  sample lo a d .  
Attem pts to  in c r e a s e  the  tim e y i e l d  f a c t o r  by f u r t h e r  in c r e a s in g  the  sample
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F igu re  2 7 a . Chromatogram o f  
d e r i v a t i s e d  LTD iso m ers  2bi and 
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F igure 2 7 b . Chromatogram o f
d e r i v a t i s e d  LTE isom ers 3bi and
3bi i .
(Chromatography c o n d it io n s  as d e s c r ib e d  in  S e c t io n  2 . 6 )
lo a d  caused l o s s  o f  r e s o lu t i o n  to  an u n a cce p tab le  l e v e l .  I t  was 
e s s e n t i a l  t o  o b ta in  isom ers o f  high p u r i t y  as th e  p re se n c e  o f  sm all  
amounts o f  one isom er in anoth er could  markedly a f f e c t  the b i o l o g i c a l  
a c t i v i t y  o f  the m ajor component.
The p u r i t y  o f  th e  e i g h t  p r o te c t e d  LTD i s o m e r s ,  as  
measured by HPLC was >99 .5%  and t h a t  f o r  the LTE s e r i e s  > 9 9 .0 % .  The 
s t r u c t u r e  o f  a l l  isom ers was confirm ed by s p e c t r o s c o p ic  a n a l y s i s .  The 
use o f  th e  e x p e n siv e  c h e m ic a l ly  bonded s i l i c a  m a t e r i a l s  f o r  th e se  
s e p a r a t io n s  was e a s i l y  j u s t i f i e d  as the  isom ers i s o l a t e d  would c o s t  up 
to  £ 10,000 per m i l l ig r a m  from commercial s u p p l i e r s .
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Benoxaprofen, 2 - (4-chlorophenyl) -a-methyl-5-benzoxazole- 
acetic acid (5) is a novel anti-inflammatory compound82 which is 
synthesised as a racemic mixture. Approximately lOOmg of the two enant- 
iomers of were required in order that preliminary pharmacology and 
metabolism studies could be carried out. The enantiomers were separated 
by chromatography a fte r  conversion of the unresolved sample (5) into a 
mixture of diastereoisomers (6 ) . The Benoxaprofen enantiomers were 
recovered without racemization by acid hydrolysis of the separated 
diastereoisomers.
5.3.2 Separation o f Benoxaprofen diastereoisomers
5 6
The amide mixture chromatographed had previously been 
recrystallised and contained essentia lly  an equal mixture of the dia­
stereoi somers. The separation was carried out on a 50cm x 10.9mm I.D .
LP1 s ilic a  column using a dichloromethane-methanol (99 .5 :0 .5 ) eluting  
solvent. (A s lig h tly  better separation was achieved using an isooctane- 
dichloromethane-methanol (50:50:1) eluting solvent, although the sample 
had only lim ited so lu b ility  in this solvent m ixture.) The diastereo- 
isomers were separated with an Rs value of >3.0 when a small sample load 
(e .g . <100yg) was in jected, although the resolution was reduced to <1.5 
when the load was increased to 40mg (Figure 28), The sample load was 
restric ted  to 40mg as severe peak distortion occurred when greater sample 
loads were in jected. A to ta l of 480mg of the amide mixture were separated 
in less than two hours. The overall separation time was minimised by
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Figure 28. Separation of Benoxaprofen diastereoisomers.
Column: 50cm x 10.9mm I.D . LP1 s ilic a ;  Eluent: dichloromethane- 
methanol (9 9 .5 :0 .5 ); Flow rate: 10ml/min.; Detection: UV, 335nm; 
Sample size: 40mg in 5000yl.
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making overlapping in jections. The time y ie ld  factor fo r this separation 
was >2mg/min. This value is considerably higher than the values obtained 
fo r the leukotriene isomers owing to the higher Rg value. Over 200mg 
of each diastereoisomer were isolated with a purity >99%.
5.3 .3  Separation of hydroxylated bicyclooctene isomers
The bicyclooctene (7) is a compound with potent a c tiv ity  
in the central nervous system. A major metabolite of 7_, isolated from 
ra t urine, appeared from MS and NMR analysis to be a hydroxylated 
compound (8 ).
7 8
In order to assign the stereochemistry of the 
m etabolite, the four possible isomers (8a - 8d) were synthesised 
using the route outlined below:
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8a
Cl
Cl
■s. 1) Diborane
cl methyl sulphide
ch2n(ch3)2
8b
8c
Cl
Cl 8d
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HPLC analysis of the crude reaction product on an
analytical LP1 s ilic a  column (25cm x 4.9mm I.D .)  indicated the presence
of four major components. Microgram quantities of these components
were isolated using the analytical column and were shown by MS analysis 
to be isomers of the required hydroxylated compound 8. The separation
was scaled up to a 50cm x 10.9mm I.D . LP1 s ilic a  column to iso late  su ff­
ic ien t material for NMR analysis. A chromatogram illu s tra tin g  the 
separation (Rg >1.2) using a dichloromethane-methanol (80:20) eluent is  
shown in Figure 29. The sample load was restricted to 2mg as loss of 
resolution of isomers 8b and 8c occurred when greater sample loads were 
in jected. The resolution was improved by reducing the strength of the 
eluting solvent to a 90:10 dichloromethane-methanol ra tio . However, i t  
was not possible to implement a greater sample loading due to reduced 
s o lu b ility  of the solute in the new solvent. Attempts to dissolve the
sample in alternative solvents with sim ilar eluting strength were 
unsuccessful.
A tota l of 20mg of crude material were purified  in 
5 hours (10 in jections). The average time y ie ld  factor was rather low 
(<40yg/min.) owing to the low sample load. Approximately 5mg of isomer 
8c, 2mg of 8a and Img of 8b and 8d were isolated with a purity >98.0%.
The material isolated was su ffic ien t to enable NMR assignment of the 
four isomers. The metabolite was id en tified  as the exo-isomer 8a,
5 .3 .4  Isolation of impurities formed in the synthesis of a
substituted pyranone
The impurities £a -  9c were formed during the synthesis 
of the substituted pyranone 9 , an intermediate in the preparation of the 
a n ti-a lle rg y  compound J_0. Milligram quantities of jte -  £c were separated 
by semi-preparative HPLC to enable positive id en tifica tio n  of the materials
and provide analytical reference m aterials.
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In jection
25 Time (min.)
Figure 29. Separation of bicyclooctene isomers.
Column: 50cm x 10.9mm I.D . LP1 s ilic a ;  Eluent: dichloromethane- 
methanol (80:20); Flow rate: 10ml/min.; Detection: UV, 254nm; 
Sample size: lOOyg in lOOyl.
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9a 9b 9c
The impurities were isolated from a crude recry s ta ll-  
isation residue. Qualitative HPLC analysis (UV detection 254nm) of the 
residue indicated the sample contained 31% of 9a, 11% of 9b, and 6% of 
9c, although TLC showed the presence of several highly retained impurities. 
The chromatogram shown in Figure 30a illu s tra te s  the separation of the 
components of the residue on an analytical Spherisorb S5W column (12.5cm x 
4.9mm I .D . ) .  The impurities 9a and 9c are well resolved (R >2.0) from 
the other components although the isomer 9b was only p a rtia lly  resolved 
(Rs <0.9) from 9^ . Consequently, the separation was carried out in two 
stages. The impurities 9a, 9c and an enriched sample of 9b were isolated  
using a 50cm x 10.9mm I.D . LP1 s ilic a  column. (This column was protected 
with a guard column (5cm x 4.9mm I.D .)  packed with LP1 s ilic a  to remove 
the highly retained impurities observed by TLC.) The enriched sample of 
9b was further purified on a 50cm x 8.1mm I.D . Spherisorb S5W column.
The in i t ia l  separation on the LP1 s ilic a  column was 
effected using a high sample load (60mg) and the components were eluted
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9a
9c
9b
J
Analytical separation of 
substituted pyranones.
Column: 12.5cm x 4.9mm I.D . 
Spherisorb S5W; Eluent: 
di chioromethane-hexane- 
methanol (90:10:0 ,3 ); Flow 
rate: lml/min; Detection: 
UV9 254nm.
.Injection
Figure 30a.
15 Time (min.)
Figure 30b.
Semi-preparative separation 
of substituted pyranones.
Column: 50cm x 10.9mm I.D .
LP1 s il ic a ;  Eluent: dichlo- 
romethane-methanol (99 .0:1 .0) 
Flow rate: 10ml/min.; 
Detection: UV, 335nm;
Sample size: 60mg in 5000yl.
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at low k' values (<1.0) using a dichloromethane-methanol (99 .0 :1 .0 )
eluting solvent. In contrast, the separation on the Spherisorb S5W 
column was carried out with a low sample load (<250yg) and the
components were eluted at a k1 value >2.0 (to  enhance the resolution)
using a dichloromethane-methanol (99 .8 :0 .2 ) eluting solvent. Both stages
of the semi-preparative separation were carried out with eluting solvents
containing high levels of dichloromethane to obtain adequate sample
s o lu b ility .
A chromatogram illu s tra tin g  the separation of the 
crude mixture on the LP1 s ilic a  column is shown in Figure 30b. A ‘ heart 
cutting' approach was used to iso late  the components of in te re s t, the 
fractions collected are represented by the shaded areas. On reanalysis 
on the analytical Spherisorb S5W column, fraction 1 (4.6mg) contained 
over 98% of 9a, fraction 2 (3.3mg) contained 60% of 9b and 40% of £ ,  
and fraction 3 (1.8mg) contained 99% of 9c. Fraction 2 was further 
purified on the semi-preparative S5W column to y ie ld  l.lmg of 9b with 
a purity of >99%.
The y ie ld  of 9a - 9c was rather low due to the nature 
of the sample. However, the material isolated was su ffic ie n t for 
spectroscopic analysis and to provide analytical reference m aterial.
I t  was not possible to determine accurate time y ie ld  factors for the 
separation carried out on the LP1 s ilic a  column because the column 
was overloaded. However, as milligram quantities of purified material 
were isolated in less than eight minutes, i t  is estimated that the 
average time y ie ld  factor was >500ym/min. As expected the time y ie ld  
factor fo r the separation carried out on the Spherisorb S5W column was 
rather low (<25yg/min.) owing to the poor resolution of the components.
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5.3 .5  Isolation of impurities and purification  of an
intermediate in the synthesis of a pyrazalobenzodia-
zepine
The n itro n itr ile  (11) is an intermediate in the synthesis 
of the pyrazalobenzodiazepine (12 ), a compound with anti-psychotic a c tiv ity .  
During the synthesis of this intermediate, a wide range of impurities (11a - 
I l f )  were observed. These impurities were isolated fo r spectroscopic 
analysis using a 50cm x 10.9mm I.D . LP1 s ilic a  column. A high purity sample 
of 21 was a^so isolated for use as an analytical standard.
The six impurities (11a -  I l f )  were obtained from a 
number of syntheses in which the starting materials purity  and the reaction 
conditions were varied. Each reaction mixture contained essentia lly  the 
n itro n itr i le  product (11) and one major impurity, A chromatogram 
il lu s tra tin g  a typical separation is shown in Figure 31. The sample, a 
second crop from the recrysta llisa tio n  of a reaction product, contained 
approximately 28% of the impurity 11a and 72% of 21* ( I t  appears from the 
chromatogram that the sample contains a higher level of 11a although this  
is due to the difference in UV response at 325nm). A 20mg sample was 
separated (Rg >1.3) in less than 8 minutes giving a time y ie ld  factor  
of >1.2mg/min. A total of 14.2mg of 11a with a purity >99% was obtained 
from three in jections. The other impurities l ib  -  I l f  were isolated  
using s im ilar chromatography conditions. Sample s o lu b ility  was a dominant 
feature in these separations. The optimum separations on the analytical 
LP1 s ilic a  column (25cm x 4.9mm I.D .)  were achieved using high levels of 
hexane in the eluting solvent. However, fo r the semi-preparative 
separations, i t  was necessary to use eluting solvents containing a high 
level of dichloromethane in order to dissolve the sample. Over lOmg of 
each impurity were isolated with purities  >97%. A ll impurities were 
subsequently iden tified  by MS and NMR analysis.
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In je c tio n
10 Time (min.) 0
Figure 31. Isolation of synthetic impurity 11a.
Column: 50cm x 10.9mm I.D . LP1 s ilic a ;  Eluent: dichloromethane- 
methanol (9 9 .8 :0 .2 ); Flow rate: 10ml/min.; Detection: UV,
325nm; Sample size: 20mg in 2000yl.
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A recrystallised sample of Vf with a purity  of 95% 
was further purified using the chromatography conditions used to separate 
the impurity 11a. Sample loads of lOOmg were injected onto the column 
and the material was isolated using a ‘ heart cu ttin g1 approach. Approx­
imately 500mg of JM_ with a purity >99.5% were isolated in less than two 
hours. The estimated time y ie ld  factor for this separation was >4.0mg/min 
This high value was largely due to the use of a high sample load in 
conjunction with the ‘heart cutting1 technique.
5.4 Conclusion
The semi-preparative applications il lu s tra te  that the 
separation strategy outlined in Section 5.2 may be applied to separate 
a wide range of compounds of pharmaceutical in teres t. The m ajority of 
separations can be carried out using low cost LP1 s i l ic a , although the 
most d if f ic u lt  separations require the use of 5ym m aterials. The
applications also show that chemically bonded s ilic a  packings can be
used to achieve semi-preparative separations that were not possible on 
unbonded s ilic a  m aterials.
Sample so lu b ility  is a dominant feature in most separ­
ations. The applications described emphasise the need to examine sample
s o lu b ility  before optimising the solvent in terms of chromatographic 
strength and s e le c tiv ity .
As expected, the time y ie ld  factors obtained were 
dependent on the d if f ic u lty  of the separation. The time y ie ld  factor 
varied from 18yg/min. fo r the most d i f f ic u lt  separation to over 1000yg/min 
fo r the re la tiv e ly  easy separations.
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